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CHAPTER  I 


INTRODUCTION 


1 . 1  Background 

Throughout  history  man  has  engaged  in  battle  with  his  fellow  man. 

A  review  of  history  is  a  review  of  warfare.  Man  seems  to  have  a  general 
propensity  to  consider  warfare  a  major  objective  in  his  life.  The  early 
settlers  of  this  country  encountered  a  formidable  foe  in  the  native 
Americans.  The  covered  wagon  caravans  were  the  early  settlers'  attempts 
to  minimize  the  Indian  threat  when  traveling  West.  Further,  the  scouts 
would  seek  high  vantage  points  in  the  terrain  where  they  could  observe 
and  provide  early  warning  of  enemy  forces  and  their  movement. 

Scientific  and  technological  developments  have  provided  present 
day  man  with  complex  equipment  and  devices  with  which  to  do  battle  with 
his  enemies.  Commonplace  among  this  arsenal  are  missiles,  high  perform¬ 
ance  aircraft,  helicopters,  air  defense  systems,  tanks,  radars,  sub¬ 
marines,  and  a  host  of  sophisticated  hand-held  weapons  including  lasers. 
It  should  be  noted  that  the  radar  replaces  the  observer  on  the  lonely 
hill  top,  while  tanks  and  armoured  vehicles  replace  the  covered  wagons. 
The  major  difference  in  the  two  scenarios  is  the  equipment  of  which  air¬ 
craft,  missiles  and  air  defense  systems  are  of  concern  in  this  research 
effort.  It  is  with  the  concept  of  air  defense  that  modeling  becomes 
paramount,  since  models  permit  reality  to  be  depicted  for  a  very  modest 
investment  of  time  and  money. 
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1.2  Air  Defense  Modeling 

The  effectiveness  of  medium  and  high  air  defense  systems  impose  a 
high  degree  of  risk  to  aircraft  survivability  when  an  aircraft  is  oper¬ 
ating  in  the  air  space  protected  by  these  systems.  This  situation 
leaves  low  level  flight  as  the  only  option  open  to  the  aircraft  to  avoid 
these  air  defenses.  Aircraft  are  a  high  value  resource  which  must  be 
utilized  wisely.  Regardless  of  the  results  of  the  analysis,  the  mission 
has  to  be  undertaken.  The  battle,  and  in  turn  the  war,  can  only  be  won 
if  one  attacks.  Thus,  one  must  enhance  the  aircraft's  probability  of 
survival . 

One  means  to  increase  the  aircraft's  chances  of  survival  is  to 
plan  a  route  which  minimizes  its  exposure  to  enemy  air  defenses.  A 
terrain  following  route  can  be  optimized  in  the  vertical  plane,  but  the 
initial  question  is  where  to  position  the  ground  track  in  the  horizontal 
plane  that  the  aircraft  will  follow.  If  one  knew  the  route  which  mini¬ 
mized  the  exposure,  then  there  would  be  an  easing  of  the  vertical  con¬ 
straint  imposed  by  the  air  defenses  [1]. 

The  objective  of  this  research  is  to  develop  a  heuristic  method 
for  selecting  a  minimum-exposure,  minimum-elevation  route  for  terrain 
following  flight  through  defended  terrain.  Considering  the  expensive 
aircraft  in  use  today,  the  computer  modeling  of  air  operations  on  the 
tactical  battlefield  is  a  useful  tool  for  assessing  tactics,  performance, 
and  results. 

1.3  Research  Topic 

If  one  knew  the  location  of  low  exposure  routes,  then  an  assessment 
could  be  made  on  the  expected  outcome  of  employing  these  routes.  The 
high  exposure  route  is  merely  to  allow  the  aircraft  to  fly  within  the 
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radar  coverage.  This  research  was  undertaken  to  find  a  method  which 
allows  one  to  find  the  low  exposure  route  from  some  initial  point  to 
a  destination  point. 

A  minimum  exposure  route  will  logically  use  terrain  features  to 
hide  the  aircraft  from  the  air  defense  sensors.  This  assumption  implies 
that  low  elevation  areas  should  have  a  lower  exposure  profile  than  high 
elevation  areas.  It  is  intended  to  use  the  low  elevation  areas  as  the 
basic  units  from  which  a  minimum  exposure  route  can  be  built.  Thus,  a 
heuristic  route  selection  model  will  be  developed  in  this  dissertation 
that  achieves  a  minimum-exposure,  minimum-elevation  route  for  low  level 
fl  ight. 

1.4  Outline  of  Succeeding  Chapters 

Chapter  II  is  a  review  of  the  literature  pertaining  to  routing, 
aircraft  and  air  defense.  Three  documents  of  particular  interest  to 
this  research  are  discussed  first.  The  remainder  of  the  chapter  pertains 
to  the  literature  in  general.  The  tactical  situation  from  which  this 
research  derives  is  given  in  Chapter  III.  The  scenario  is  typical  of  a 
medium  intensity  battle.  The  development  of  the  model  is  presented  in 
Chapter  IV.  The  discussion  follows  the  solution  sequence  of  the  model. 

Chapter  V  is  an  example  of  the  model  selecting  an  appropriate 
route  for  the  prescribed  conditions.  The  calculations  are  based  on  the 
material  of  Chapter  IV.  The  model  results  are  contained  in  Chapter  VI. 
The  results  for  two  small  terrain  areas  are  presented  first,  followed 
by  the  results  for  a  much  larger  terrain  area. 

Chapter  VII  is  the  validation  of  the  developed  model.  Some  of  the 
model  results  are  compared  to  manually  developed,  preferred  routes. 
Finally,  Chapter  VIII  presents  the  conclusions  of  this  research  and  re¬ 
commendations  for  further  research. 
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CHAPTER  II 


LITERATURE  REVIEW 

2.1  Introduction 

An  intensive  review  of  the  literature  identifies  three  research 
results  which  are  pertinent  to  this  effort.  A  recent  dissertation  by 
James  E.  Funk  [2]  provides  a  method  for  determining  the  optimal  vertical 
flight  path  for  a  given  route.  The  second  effort  was  reported  in  The 
University  of  Alabama  in  Huntsville  Research  Institute  (UARI)  Report, 
Optimal  Attack  Route  Selection  Method  [3j  .  The  third  research  of  interest 
is  a  Helicopter  Route  Selection  Model  developed  by  Ohio  State  University 
for  the  large  land  combat  model  DYNTACS  [4].  In  addition,  the  literature 
pertaining  to  network  modeling,  computer  software  algorithms,  geology  and 
geography,  highway  routing,  and  electronic  circuit  routing  were  investigated 
to  determine  their  applicability  in  aircraft  routing. 

Modern  air  defense  systems  have  the  capability  to  deny  medium  or  high 
altitude  aircraft  attack  routes  to  a  target.  To  overcome  this  restriction, 
low  level  flight  has  now  become  a  preferred  method  for  penetrating  air 
defenses.  Low  level  or  terrain  following  flight  paths,  however,  presents 
the  problem  of  impact  with  the  terrain.  In  the  literature  this  problem  is 
also  referred  to  as  clobber. 

The  ideal  flight  path  for  terrain  following  would  be  a  flight  curve 
that  matches  the  terrain  curvature  by  some  clearance  height  above  the 
local  terrain.  The  aircraft  control  system  limits  the  vehicle  to  flying 
a  smooth  flight  path  which  approximates  this  clearance  curve.  Figure  2.1 
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is  an  illustration  of  a  typical  terrain  profile  with  the  clearance 
curve  and  flight  path  for  low  level  flight.  The  slower  the  aircraft 
flies  the  closer  the  flight  path  can  approximate  the  clearance  curve. 


-  Terrain 

Figure  2.1.  Low  Level  Flight  Profile. 

The  review  of  unclassified  documents  concerning  low  level  flight 
has  centered  on  the  problem  of  optimal  aircraft  control  systems.  Ad¬ 
vances  in  microprocessors  and  digital  electronics  seem  to  be  the  con¬ 
trolling  factor  in  increasing  the  capability  of  on-board  flight  com¬ 
puters  and  navigation  systems  [2,  5,  6].  With  increased  on-board  com¬ 
puter  capacity,  real  time  optimization  of  flight  profiles  become  possible, 
thereby  achieving  an  optimal  low  level  flight  path  along  the  selected 
route. 

In  the  literature  that  was  reviewed,  a  major  consideration  in  any 
air  defense  study  is  terrain  modeling.  Terrain  modeling  is  also  utilized 
in  such  studies  as  highway  routing  and  construction,  pipeline  routing, 
and  land  use.  Most  recent  research  in  this  area  is  directed  at  using 
computer  graphics  to  depict  the  terrain  in  contour  map  form  and  in 
picture  form.  Existing  terrain  models  are  presently  adequate  for  air 
defense  modeling  [7,  8,  9,  10,  11].  The  terrain  models,  however,  do  not 
provide  for  aircraft  route  selection  analysis. 


2.2  Reported  Research 

The  dissertation  by  J.  E.  Funk  presents  a  mathematical  programming 
method  for  solving  the  aircraft  control  problem  in  terrain  following 
flight  [2].  The  first  step  in  his  approach  was  to  construct  a  trajectory 
model  which  is  incorporated  into  the  objective  function  or,  as  he  has  de¬ 
fined  it,  the  performance  function.  The  performance  function  is  defined 
in  terms  of  an  excess  clearance  variable.  The  function  is  optimized 
subject  to  differential  constraints  of  height,  slope  and  curvature  of 
the  flight  path. 

To  provide  computational  ease  the  problem  is  discretized.  The  per¬ 
formance  function  and  constraints  are  transformed  to  a  matrix  form  which 
can  now  be  considered  as  a  quadratic  or  linear  programming  (LP)  problem. 
This  quadratic  or  LP  problem  is  solved  using  existing  algorithms.  To 
develop  a  complete  flight  path  this  procedure  considers  overlapping 
segments.  Segment  i  of  the  flight  path  is  optimized  and  then  the  next 
overlapping  segment,  i+1,  is  optimized  with  the  initial  portion  of  seg¬ 
ment  i+1  defined  by  segment  i.  Since  the  discrete  segments  overlap, 
the  resulting  flight  path  is  continuous  and  there  are  no  discontinuities 
at  the  boundaries. 

In  Funk's  research,  only  the  vertical  terrain  avoidance  is  examined, 
and  not  the  lateral  terrain  avoidance.  His  results  give  a  solution  to 
the  aircraft  control  system  to  yield  the  optimal  flight  path  over  a 
given  terrain  route. 

In  the  UARI  report,  a  dynamic  programming  approach  for  determining 
optimal  attack  routes  is  presented  [3].  Although  this  work  was  performed 
several  years  ago,  it  is  still  current  with  techniques  recently  reported. 
The  backwards  solution  method  was  employed  to  evaluate  the  recursive 
function. 


The  route  selection  process  that  was  developed  is  a  direct  appli¬ 
cation  of  dynamic  programming.  To  represent  the  multi-stage  decision 
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process,  a  grid  network  was  used  where  each  grid  point  is  equivalent 
to  a  stage  in  the  decision  process.  Thus,  the  optimal  decision  path 
is  the  optimal  attack  route. 

The  probability  of  survival,  (P5),  is  the  return  at  each  stage. 

The  optimal  path  has  the  highest  probability  of  survival  or  is  the 
'  least  risk  route.  The  probability  of  survival  at  a  grid  point  is 
given  by: 

Ps  =  (1  -  Pk). 

The  probability  of  kill  (P^)  for  an  air  defense  site  is  the  resultant 
of  the  probabilities  of  acquisition,  tracking,  missile  launch,  missile 
flight,  and  warhead  lethality. 

Two  recommendations  for  further  research  in  this  report  were  of 
interest.  This  technique  had  only  been  applied  to  small  scale  problems, 
and  further  research  on  large  scale  problems  with  multi -attackers  and 
multi -radar  sensors  were  suggestions  for  consideration.  Also,  it  was 
recommended  that  network  techniques  such  as  shortest  path  or  least  cost 
path  be  considered. 

The  Helicopter  Route  Selection  Model  that  has  been  developed  is 
another  method  using  dynamic  programming  [4].  This  model  is  an  adaptation 
of  the  ground  unit  route  selection  model  that  is  a  subroutine  of 
DYNTACS  X.  The  first  step  is  to  determine  the  intervisibility  areas 
for  each  weapon.  These  areas  define  the  masked  and  unmasked  portions 
of  the  battlefield.  From  the  set  of  masked  areas  a  series  of  concealed 
areas  in  close  proximity  to  one  another  can  be  connected  to  form  an 
avenue  of  approach.  Having  identified  this  avenue  the  route  can  be 
selected  that  follows  the  general  shape  of  the  approach  corridor. 
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Up  to  this  point  all  analyses  of  intervisibility  and  terrain  have 
been  performed  outside  of  the  actual  model.  With  the  process  completed 
the  route  corridor  is  defined  in  the  model.  The  intervisibility  areas 


are  defined  by  a  set  of  irregular  convex  shapes  having  straight  line 
boundaries  between  each  vertex.  Along  each  boundary  one  or  more  points 
define  the  possible  beginning  (or  end)  of  a  route  segment  across  the 
convex  shapes  (Figure  2.2).  These  points  are  shown  as  circles  on 
Figure  2.2  and  are  also  entered  into  the  model  as  data. 

With  the  terrain  area  thus  described  for  the  model,  the  route 
selection  routine  can  be  utilized.  A  series  of  nine  points  that  are  in 
the  direction  of  attack  are  selected  for  route  analysis.  The  selection 
routine  evaluates  these  boundary  points  identified  by  the  probability 
of  survival  at  each  point.  The  point  with  the  highest  probability  of 
survival  is  selected  and  then  the  next  series  of  nine  points  along  the 
route  corridor  are  considered.  This  process  is  the  forward  solution 
method  for  dynamic  programming  problems. 

2.3  Open  Literature 

One  of  the  first  areas  in  the  open  literature  to  be  investigated 
was  cluster  analysis.  An  excellent  presentation  of  cluster  analysis 
can  be  found  in  Anderberg's  text  [12].  When  data  has  no  discernible 
pattern,  cluster  analysis  can  provide  a  tool  to  uncover  the  pattern. 
Hierarchical  clustering  is  widely  utilized  to  develop  the  linking  of 
data  as  each  entity  is  processed.  In  this  research,  the  idea  of 
nearest  neighbor  and  centroid  of  a  cluster  that  is  used  with  non- 
hierarchlcal  clustering,  are  utilized  as  a  basis  for  processing  the 
terrain  data. 
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For  a  data  set  of  N  observations,  clustering  into  subsets  of  like 
values  indicates  an  association  or  similarity  for  the  cluster  membership 
which  is  not  shared  by  those  outside  that  cluster.  Typically,  the  members 
of  a  cluster  will  minimize  some  criterion  such  as  minimal  distance  from  the 
mean  of  the  cluster.  The  mean  of  a  cluster  can  be  utilized  as  the  centroid. 
For  the  total  data  set  of  k  clusters,  membership  in  cluster  i  can  have  a 
point  to  centroid  distance  different  from  cluster  j,  which  would  indicate 
an  individual  cluster  density.  Thus,  a  higher  order  clustering  can  be 
performed  on  the  initial  clusters  because  their  centroids  are  now  the 
data  points.  The  centroids  of  the  first  order  cluster  can  be  weighted 
according  to  density  and  be  the  point  used  as  the  value  for  the  higher 
order  clustering. 

Clustering  methods  are  means  by  which  data  can  be  grouped,  associated, 
or  placed  in  some  classification  scheme  for  analysis.  There  is  no  one 
preferred  method  to  be  used,  as  several  methods  normally  need  to  be 
used  to  determine  if  there  is  any  pattern  or  intelligence  to  be  derived 
from  the  data. 

The  aircraft  routing  problem  can  be  formulated  as  a  network  or  a 
graph  problem.  In  the  literature,  the  theoretical  aspects  of  a  network 
are  referred  to  as  graph  theory,  whereas  the  practical  aspects  are  known 
as  network  analysis.  A  highway  network  connecting  cities  would  be  verti¬ 
ces  for  the  cities  and  edges  for  the  highways  when  related  to  graph 
theory.  Networking  would  refer  to  the  cities  as  nodes  and  the  highways 
as  arcs.  Depending  on  the  reference,  the  terminology  for  the  cities  could 
also  be  called  junction  points,  intersection  points,  or  simply  points; 
and  likewise,  an  arc  could  also  be  a  branch,  link,  path  or  line. 


For  a  network  or  graph  G  there  is  a  collection  of  points  x-j ,  X2,.... 

Xp  (denoted  by  the  set  X),  and  a  collection  of  lines  a-j ,  a2,...,a^  (denoted 
by  the  set  A)  which  join  some  or  all  of  these  points.  The  graph  is  de¬ 
scribed  and  denoted  by  the  doublet  G(X,A)  [13].  An  edge  joining  x^-  with  Xj 
is  denoted  by  [x^,  Xj]. 

In  network  analysis  and  cluster  analysis  there  are  three  distance 
measures  that  are  of  interest.  First,  the  standard  Euclidean  distance 
or  metric  for  two  points  in  space  is  given  by: 

d  =  [(x2-xt)2  +  (y2-yi)2  +  (z2-zi)2]*^  . 

Second,  in  many  location  problems,  especially  in  urban  areas,  travel 
is  along  an  orthogonal  set  of  streets.  Travel  which  is  restricted  to 
directions  parallel  to  the  coordinate  axes  use  a  rectilinear  or  Manhattan 
metric  that  defines  distance  between  two  points  (x-; ,  y^ )  and  (x2,  y2)  by: 

hi-x2 1  +  |yi-y2|- 

The  rectilinear  metric  could  have  been  used  in  the  UARI  Optimal  Attack 
Route  Method  since  travel  was  restricted  to  grid  lines.  Third,  when 
travel  is  restricted  to  take  place  on  a  network,  then  the  internode 
lengths  are  the  distance  measure  [14]. 

The  above  concepts  were  utilized  in  developing  the  approach  to  the 
route  selection  process  for  low  flying  aircraft.  The  ideas  of  nearest- 
neighbor  and  cluster  centroid  form  the  bases  for  the  terrain  data 
reduction. 


CHAPTER  III 


PROBLEM  FORMULATION 


3.1  Tactical  Scenario 

This  research  considers  an  area  of  air  defense  war  gaming.  There 
are  two  basic  situations  that  a  tactician  can  analyze.  In  one  case, 
the  tactical  situation  is  portrayed  from  the  defender  or  air  defense 
site  aspect.  For  the  other  case,  the  tactical  situation  is  presented 
from  the  attacker  or  pilot's  viewpoint.  The  specific  problem  this 
research  addresses  is  that  of  selecting  a  route  which  a  low  flying  air¬ 
craft  can  use  to  penetrate  the  air  defense  coverage,  while  at  the  same 
time  minimizing  the  aircraft  exposure  to  these  defenses.  Low  flying 
aircraft  ordinarily  fly  within  200  meters  of  the  terrain. 

The  defender  desires  to  allocate  his  air  defenses  in  a  pattern  to 
achieve  maximum  coverage.  The  sensors  (radar,  infrared,  or  visual)  are 
positioned  in  the  terrain  to  be  defended  such  that  visibility  is  maxi¬ 
mum  in  the  principle  direction  the  site  is  responsible  for  protecting. 
In  actual  terrain  there  can  be  certain  azimuths  for  which  coverage  is 
marginal  or  non-existent.  To  ensure  that  the  total  area  is  covered, 
the  air  defense  sites  are  situated  so  that  individual  site  visibilities 
overlap  each  other  thereby  providing  a  pattern  with  total  coverage. 
Thus,  any  portion  of  the  total  area  is  being  covered  by  one  or  more  air 
defense  sites.  The  attacker  is  faced  with  the  situation  of  attempting 
to  select  a  route  which  avoids  these  sites  and  maximizes  his  survival 
while  reaching  the  target,  and  accomplishing  the  mission. 
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Along  with  terrain  following,  there  are  some  other  options  the 
tactician  can  choose  to  enhance  the  aircraft  and  pilot's  survivability. 
The  attacker  can  use  electronic  countermeasures  (ECM),  better  known  as 
jamming.  An  anti-radiation  missile  (ARM)  could  be  fired  at  each  radar. 
Decoys  or  remotely  piloted  vehicles  (RPV's)  could  be  utilized  to  sat¬ 
urate  the  skies  so  that  an  aircraft  can  be  hidden  among  the  RPV's. 

To  reach  the  primary  target,  a  preemptive  raid  could  be  made  against 
the  air  defenses.  Of  course,  the  defender  is  fully  aware  of  these  and 
other  methods  that  can  be  employed  to  negate  the  air  defense's  ability 
to  engage  the  attackers. 

3.2  Aircraft  Route  Selection 

In  this  research,  the  air  defense  situation  is  a  heavily  defended 
35  by  35  km  area  through  which  a  helicopter  force  must  penetrate.  The 
air  defense  sensors  are  assumed  to  be  deployed  within  this  region  such 
that  maximum  coverage  exists. 

Using  military  terminology,  the  line  of  battle  between  two  forces 
is  known  as  the  forward  edge  of  the  battle  area  (FEBA).  The  helicopter 
force  is  flying  a  terrain  following  flight  path  from  their  base  across 
FEBA  to  raid  an. enemy  rear  area  base.  The  enemy  air  defense  sensor 
capability  is  assumed  to  have  good  low  altitude  coverage  for  a  10  km 
radius  and  good  long  range  coverage  for  medium  and  high  altitude. 

In  performing  this  raid,  the  objective  is  to  traverse  the  whole 
route  'indetected,  thus  preserving  the  element  of  surprise  in  the  attack. 
The  air  defense  sensors  are  not  being  attacked  or  jammed  in  this  raid. 

In  an  attempt  to  obscure  the  helicopters'  approach  to  the  target,  the 
mountains  and  hills  would  be  utilized  as  a  mask.  Intuitively,  the  best 
low  level  aircraft  route  would  follow  the  lowest  terrain.  To  offset  this 


tactic,  the  eneniy  will  position  some  air  defense  sites  to  cover  low 
altitude  corridors  into  his  area. 

The  interaction  of  these  tactics  results  in  the  helicopter  route 
selection  being  that  of  finding  the  low  level  route  which  has  the  fewest 
air  defense  sites  covering  it.  Thus,  a  route  is  a  linkage  of  several  low 
level  path  legs  into  a  continuous  path  that  will  allow  the  aircraft  to 
avoid  detection. 

3.3  Sensor  Coverage 

With  low  altitude  targets,  radar  sensors  have  clutter  problems 
when  receiving  the  return  signal.  There  can  be  a  high  level  of  noise 
because  of  ground  objects  and  terrain  features  which  tend  to  obscure 
any  targets  that  may  be  nearby.  Any  aircraft  operating  in  an  area  with 
opposing  air  defenses  will  attempt  to  fly  as  low  as  possible  so  as  to  be 
in  the  clutter  of  the  radar  return  signal.  However,  the  faster  the  air¬ 
craft  speed  the  higher  it  must  fly  to  be  responsive  to  the  pilot's  ter¬ 
rain  avoidance  cotimands.  Thus,  the  aircraft  pilot  has  two  conflicting 
constraints;  first,  the  aircraft  must  fly  no  higher  than  X  meters  to 
avoid  detection,  yet,  second,  it  must  fly  at  least  Y  meters  above  the 
terrain  to  maintain  a  clearance  altitude.  A  major  problem  exists  for 
the  pilot  when  Y  is  greater  than  X. 

The  degree  of  coverage  a  radar  site  possesses  from  a  given  location 
is  dependent  on  the  target  altitude  and  the  local  terrain.  An  aircraft  at 
50  meters  altitude  is  more  likely  to  be  detected  than  an  aircraft  at  20 
meters  altitude.  To  graphically  illustrate  sensor  visibility,  a  series 
of  actual  coverage  diagrams  for  three  sites  were  made  at  target  altitudes 
of  20  and  50  meters.  Penetrating  aircraft  are  assumed  to  be  approaching 
the  sites  from  the  west  (left  edge  of  figures).  Coverage  diagrams  are 
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generated  using  a  computer  routine  that  generates  the  visibility  from  a 
site  to  the  target  altitude  for  0  to  360  degrees  in  azimuth. 

The  first  site.  Figure  3.1,  has  excellent  coverage  to  the  west  at 
each  altitude.  For  increasing  target  altitudes  only  a  small  improvement 
in  visibility  is  obtained.  Visibility  for  a  10  km  radius  at  20  meters 
target  altitude  is  28.02  percent  of  the  total  area.  At  50  meters, 
visibility  is  31.85  percent. 

In  Figures  3.2  and  3.3,  the  site  has  good  coverage  at  each  altitude. 

At  20  meters  target  altitude,  visibility  is  29.85  percent  and  improves  to 
43.10  percent  at  50  meters.  The  prominent  direction  of  coverage  is  west, 
but  this  site  also  has  some  coverage  to  the  east. 

Lastly,  in  Figure  3.4,  a  poor  site  location  is  shown.  Visibility  at 
this  site  varies  from  5.31  percent  at  20  meters  to  8.63  percent  at  50 
meters.  Coverage  provided  by  this  site  is  southerly. 

These  three  site  locations  are  deployed  in  the  same  area  and  the 
composite  coverage  is  shown  in  Figure  3.5.  In  the  overall  coverage,  the 
poorly  situated  site  provides  sensor  detection  to  the  south  which  the  other 
sites  lack.  Thus,  the  poor  location  is  better  than  expected  because  it 
furnishes  satisfactory  coverage  when  considering  the  combined  coverage. 

As  can  be  seen  in  these  series  of  figures,  the  coverage  of  an  area 
by  air  defense  sensors  limits  the  ability  of  an  aircraft  to  penetrate  the 
area  undetected.  The  deployment  of  several  air  defense  sites  imposes  a 
visibility  constraint  on  the  selection  of  routes  through  the  area.  It 
may  be  impossible  to  find  an  undetectable  corridor. 

3.4  Terrain  Data 

The  terrain  data  base  used  in  this  research  is  Defense  Mapping 
Agency  (DMA)  terrain  data  which  provides  the  height  above  sea  level  for 
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^  Visibl*  u  Not  Visible  X  Sice  Locaticn 

Ptfuic  3,5  CoaiMSlte  of  Sltca  i,  2,  and  3,  target  Altitude  20  Heters 

each  terrain  location.  A  granularity  of  70.0  meters  was  selected  in 
utilizing  the  data  base.  A  problem  with  this  fine  a  grid  is  the  quantity 
of  data  points  for  even  a  moderate  size  area.  For  a  20  by  20  km  area, 
this  density  results  in  90,000  entries. 

The  first  requirement  in  utilizing  this  data  is  to  convert  from  a 
packed  format  into  an  array  format  of  unpacked  terrain  points.  The 
'  geographical  area  selected  requires  a  525  by  525  array  (35  by  35  km). 
Since  this  array  is  too  large  for  efficient  computer  processing,  the 
area  was  partitioned  into  smaller  arrays  of  15  by  15.  This  arrangement 
results  in  a  strip  of  35  arrays  to  cover  the  north-south  direction  and 
35  strips  in  the  east-west  direction  (Figure  3.6).  A  map  sheet  is  15 
data  points  from  west  to  east,  and  35  arrays  of  15  data  points  from 
south  to  north. 
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Once  the  terrain  data  is  available  from  the  conversion  processing, 
some  assumptions  need  to  be  made  relating  the  data  to  the  route  selec¬ 
tion  problem.  The  premise  that  the  aircraft  route  will  follow  the 
valleys  and  low  areas  requires  that  the  low  elevation  terrain  be  identi¬ 
fied  from  the  terrain  data.  Thus,  it  is  assumed  that  by  a  grouping  or 
clustering  process,  these  low  elevation  areas  can  be  found.  Also,  the 
partitioning  of  the  area  allows  for  identification  of  local  minimum 
altitudes  rather  than  a  single  global  value. 

An  example  of  terrain  data  arrays  is  shown  in  Table  3.1.  As  can  be 
seen  in  this  table,  the  variation  in  the  point  to  point  values  can  be 
stratified.  Once  the  data  is  grouped  into  elevation  intervals  (or 
bands),  the  terrain  relief  is  shown  as  plateaus  with  the  lowest  plateau 
being  the  lowest  elevation  area.  The  lowest  stratum  is  a  cluster  of 
lowest  terrain  points  from  which  the  cluster  center  can  then  be  used  as 
a  node  point  in  the  routing  network. 

With  the  terrain  data  analyzed  and  the  node  points  established,  the 
route  can  now  be  developed.  The  terrain  route  for  the  helicopter  has 
only  two  known  points  at  the  onset  -  the  initial  point  and  the  terminal 
point.  All  intermediate  route  points  need  to  be  selected  from  the  nodes. 
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CHAPTER  IV 


MODEL  DEVELOPMENT 


4.1  Introduction 

The  route  selection  development  begins  with  the  basic  terrain 
elevation  data  and  ends  with  the  minimum-exposure,  and  minimum 
elevation  route.  The  model  consists  of  several  logical  divisions 
that  progressively  solves  this  problem. 

Initially,  the  model  groups  the  terrain  data  into  elevation  bands 
from  which  cluster  centroids  (or  centers)  are  developed.  These  centers 
become  the  node  points  for  a  routing  network.  Around  a  route  node  a 
neighborhood  of  node  points  is  selected  as  possible  links  to  this  node. 
In  this  neighborhood  each  point  has  an  exposure  value  which  is  a 
function  of  its  visibility  to  enemy  sensors,  its  altitude,  and  its 
distance  from  the  node  point.  The  exposure  value  is  a  penalty  for  the 
use  of  this  point.  Each  linkage  is  a  path  or  leg  of  the  route,  and 
all  the  linked  nodes  form  a  route  connecting  the  minimum-exposure,  and 
minimum-elevation  points.  The  resulting  path  between  the  initial  and 
final  nodes  provides  a  route  for  a  penetrating  low  flying  aircraft. 

4.2  Clustering  of  Terrain  Data 

To  group  the  terrain  data  into  elevation  bands  the  integer 
arithmetic  feature  of  Fortran  software  is  exploited.  When  arithmetic 
operations  are  performed  on  integer  numbers,  only  the  integer  portion  is 


retained  and  the  decimal  portion  Is  discarded.  The  following 
relation  Is  utilized: 

NE  =  (((E  -  1)/INT)  INT)  +  INT 
where  NE  =  the  new  elevation  value, 

E  =  the  old  elevation  value, 

INT  =  the  band  Interval. 

This  calculation  results  In  all  elevation  values  within  an  INT 
Interval  of  each  other  being  assigned  the  maximum  value  of  that  Inter¬ 
val.  The  process  Is  Identical  to  class  Intervals  utilized  In  construct¬ 
ing  a  frequency  table  In  statistical  analysis.  Instead  of  using  the 
midpoint  of  the  Interval,  the  maximum  In  the  class  Interval  Is  used. 

Once  all  the  terrain  data  Is  stratified,  then  clusters  of  both  high 
and  low  elevation  points  can  be  found.  Each  array  of  15  by  15  covers 
an  area  of  1050  by  1050  meters.  Within  this  area  at  least  one  low  eleva 
tion  cluster  is  Identified  along  with  a  high  elevation  cluster.  There 
are  some  cases  where  the  whole  array  represents  level  terrain  and  the 
array  consists  of  the  same  elevation  values.  When  this  situation  occurs 
it  Is  necessary  to  check  adjacent  arrays  to  determine  if  this  terrain 
Is  a  low  elevation  cluster. 

Since  more  than  one  low  elevation  cluster  can  occur  in  an  array 
a  method  was  developed  to  determine  If  two  points  were  adjacent  to 
each  other.  For  a  square  grid  a  single  point  I  has  eight  points 
around  It  as  shown  in  Figure  4.1.  The  points  labeled  A  through  Q 
(less  I)  form  a  ring  around  the  numbered  points  and  cannot  be  adjacent 
to  the  point  I. 
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Figure  4.1  Points  Adjacent  to  I 


The  array  is  processed  sequentially  by  searching  across  each  row; 
therefore,  cluster  membership  is  identified  in  order  of  occurrence  from 
the  beginning  of  the  array.  For  example,  assume  that  a  cluster 
consists  of  the  following  points  -  I ,  5,  J,  7,  8  and  P.  These  six 
points  are  a  cluster  located  in  the  15  by  15  array.  The  clustering 
procedure  identifies  all  points  of  the  same  elevation  by  entering  their 
position  into  a  list.  The  indexes  of  a  point  are  combined  by  letting 
INDEX  =  100  (IROW)  +  JCOL,  where  IROW  is  the  row  index  and  JCOL  is  the 
column  index.  This  coded  number  is  the  location  of  the  point  within 
the  array. 
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In  this  example,  let  the  point  I  be  in  row  7,  column  8.  The 
stored  INDEX  value  for  I  is  708.  The  other  cluster  membership  values 
are  given  in  Table  4.1. 


Table  4.1  Cluster  Membership 


Member 

INDEX  Value 

I -Difference 

I 

708 

0 

5 

709 

1 

J 

710 

2 

7 

808 

100 

8 

809 

101 

P 

909 

201 

When  searching  this  list  for  cluster  membership  the  value  of  INDEX 
provides  a  means  to  separate  clusters.  Since  the  membership  is 
sequential,  only  those  points  occurring  after  I  need  to  be  examined 
(points  5,  6,  7  and  8).  By  subtracting  INDEX  values  the  difference 
indicates  adjacency. 

For  a  point  to  be  adjacent  to  I  the  difference  must  be  either  1, 

99,  100  or  101;  any  other  value  indicates  that  the  point  is  separated 
by  one  or  more  rows  (or  columns).  Points  5,  7,  and  8  are  identified 
as  belonging  to  the  same  cluster  as  point  I  before  considering  the 
next  point  in  the  list.  When  point  5  is  evaluated,  point  J  is  placed 
in  the  I  cluster.  The  evaluation  of  point  J  does  not  add  any  new  points 
to  the  cluster  since  all  points  adjacent  to  J  are  already  in  the  cluster. 
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Point  7  evaluation  adds  the  last  point  P  to  the  cluster.  This  subtraction 
method  is  a  quick  process  for  identifying  adjacency. 

After  determining  which  points  are  in  the  cluster,  a  center  or 
centroid  of  the  cluster  can  be  calculated.  Since  the  data  points  are 
planar, then  each  cluster  has  a  centroid  that  is  defined  by  the  mean 
values  for  X  and  Y  within  the  cluster: 


(X,?) 


n 


z 

i=l 
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The  centroids  are  now  used  as  node  points  in  the  route  selection 
process.  The  centroids  are  separated  into  two  groups.  If  the  centroid 
is  for  a  low  elevation  cluster,  it  is  placed  in  a  low  elevation  array. 
Likewise,  centroids  for  a  high  elevation  cluster  are  placed  in  a  high 
elevation  array.  The  centroids  in  the  high  elevation  array  are 
identified  by  a  minus  sign.  Figure  4.2  gives  the  location  of  the  low 
and  high  elevation  centroids  that  were  found  in  the  10  by  10  km  area 
utilized  in  the  model  development. 

4.3  Sensor-Node  Line  of  Sight 

A  major  consideration  in  selecting  a  tactical  aircraft  route  is  to 
ensure  that  the  route  avoids  enemy  air  defenses  as  much  as  possible. 

To  determine  the  degree  of  visibility  along  a  route, each  centroid  has 
to  have  its  line  of  sight  (LOS)  to  each  sensor  determined.  The  result 
of  this  determination  is  an  exposure  value  associated  with  each  node  point. 
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To  calculate  the  exposure  value  of  a  node  point,  the  range  between 
the  node-sensor  combination,  together  with  the  number  of  sensors,  is 
required.  The  further  a  sensor  is  located  from  the  node,  the  less  of 
a  threat  it  is- since  the  probability  of  kill  (Pj^)  is  partially  a  func¬ 
tion  of  range.  However,  the  number  of  air  defense  sites  having 
visibility  to  a  point  will  increase  the  P|^.  Since  the  sensors  will 
tend  to  be  deployed  behind  and  along  the  general  flow  of  the  main 
battleline,  an  average  range  to  sensors  was  selected  as  an  exposure 
value.  The  exposure  value  is  given  by: 


EP  =  NS  • 


S=1 


where  EP  =  the  exposure  value  for  node  j  with  all 
sensors  that  have  LOS  with  this  node, 

NS  =  the  number  of  sensors  that  have  LOS  with 
node  j, 

R  =  the  maximum  node-sensor  separation  that 
exists  for  all  node-sensor  combinations, 

Rc*  =  the  distance  between  the  sensor  and  node  j. 


The  value  EP  is  calculated  for  all  node-sensor  combinations  for  both 
high  and  low  elevation.  As  the  route  is  being  developed,  the  exposure 
values  for  the  nodes  are  used  as  part  of  a  penalty  function.  This 
discussion  of  the  route  selection  Is  deferred  to  the  next  section. 

For  large  areas  of  terrain,  the  data  base  has  to  be  analyzed  In 
segments  or  subareas  that  remain  within  computer  core  capacity.  To  satisfy 
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this  restriction  requires  a  bookkeeping  method  of  array  pointers  to  record 
the  progress  of  the  LOS  calculations  and  which  node-sensor  pairs  have  been 
completed. 

Referring  back  to  Figure  3.6,  the  partition  of  the  terrain  data  base  is 
shown.  Figure  4.3  presents  the  basic  planar  relationship  between  two  nodes 
and  a  sensor.  The  +  indicates  the  boundaries  between  each  array  of  15  by  15 
terrain  data  points.  Within  this  base  the  terrain  elevation  points  represent 
X  -  Y  coordinates  of  a  square  grid  system.  The  vector  between  the  node  and 
sensor  will  intersect  these  grid  lines  and  the  array  boundary  lines.  Along 
the  X-axis  the  array  boundary  lines  are  also  the  map  sheet  boundary  lines. 

Each  intersection  point  of  the  vector  and  grid  line  is  within  35  meters  of 
a  known  elevation  point.  This  known  point  is  checked  for  masking  of  the 
node  from  the  sensor.  If  masking  occurs,  the  processing  of  this  vector 
(or  radial  line  as  it  is  called  in  the  air  defense  literature)  is  complete 
and  the  next  node-sensor  combination  is  processed  [l5].  If  LOS  exists  at  this 
intersection  point,  then  the  routine  steps  out  of  the  vector  to  the  next 

intersection.  When  the  sensor  location  is  reached  and  no  masking  terrain 
point  has  been  encountered,  then  LOS  exists  between  the  node  point  and  the 
sensor.  The  number  of  sensors  which  can  see  this  node  is  then  incremented 
by  one. 

To  know  which  terrain  point  is  along  the  LOS  vector,  the  array  indices 
are  calculated  from  the  vector-grid  line  intersection.  The  map  sheets  are 
read  from  west  to  east;  therefore,  all  node-sensor  vectors  are  oriented 
from  west  to  east  to  allow  one  pass  through  all  the  data.  In  the  model, 
the  map  sheet  boundaries  are  named  after  the  compass  directions  - 
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Figure  4.3  Sensor-Point  Locations  (X,  Y,  Z) 
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EAST,  WEST,  NORTH  and  SOUTH.  As  each  map  sheet  Is  read, the  previous 
EAST  becomes  the  current  WEST. 

In  Figure  4.3  the  node  point  (3,  9,  300)  and  sensor  location  S^ 
(36,  119,  350)  define  the  end  points  of  the  vector  S^  with  an  azimuth 

angle  aj.  The  other  node-sensor  vector  is  N2  with  an  azimuth  angle  02- 
The  location  of  terrain  points  along  these  vectors  becomes  a  trigonometic 
problem.  The  parameters  defined  below  provide  the  indices  needed  to 
extract  the  terrain  points  from  the  data  base. 

d  =  [(x2-x,)2  +  (y2-yi)^]'' 

cos  Cl  =  (y2-yi)/d 

sin  a  =  (X2-X1 )/d 

[1  ,  <  WEST 

Comp  X  =  < 

[  (X^  -  West)+1,  X^  >  WEST 

cos  a  ((WEST-X^)/sin  a),  x^<WEST 

Left  Comp  y  =  <^ 

0  ,  x^>WEST 


where:  d  »  the  magnitude  of  the  vector, 

cos  a  «  the  cosine  of  the  azimuth  angle, 
sin  a  =  the  sine  of  the  azimuth  angle, 

Comp  X  «  the  x-axis  component  of  the  vector  within  the  map  sheet. 

Left  Comp  y  =  the  y-axis  component  of  the  vector  for  the  West 
boundary. 
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From  these  parameters  the  row  and  column  indexes  can  now  be  determined. 


For  a  vector, the  indices  are  given  below. 

fx+Ax  . 

(Ay/cosa)  sin  a  +  x 
(Ay/cosa)  sin  u  +  x  -  WEST+1 , 


|sina|>sin  45° 
|sinal<sin  45°,x>WEST 
|sinal<sin  45°,x<WEST 


ROW 

(y-axis) 


y  +  A  y 

(Ax/siria)cosa+y 


lsinal<sin  45° 
lsinal>sin  45° 


The  final  value  of  the  row  index  has  to  be  transformed  to  indicate 
which  array  on  the  map  sheet  is  the  correct  one.  Thus,  the  final  row 
index  is  given  by  integer  arithmetic. 

ARRAY  =  (ROW  -  1)/15 

ROW  =  ROW  -  (ARRAY-1) (15) 

The  terrain  data  located  at  (ROW,  COLUMN,  ARRAY)  is  checked  to  determine 
if  its  elevation  will  block  the  LOS.  If  it  does  not  mask  the  node, the 
indices  are  incremented  to  the  next  value  to  be  evaluated.  After  all 
node-sensor  combinations  have  been  processed,  the  route  development  can 
begin. 

4.4  Route  Selection. 

With  the  node  points  for  a  route  and  their  visibility  determined, 
the  method  for  linking  these  nodes  into  a  route  can  be  finalized. 

Two  other  characteristics  of  a  node  need  to  be  considered  along 
with  its  visibility.  The  first  is  its  elevation  in  relation  to 
surrounding  nodes  and  the  second  is  the  distance  to  these  surrounding 


nodes. 


33 

To  determine  the  area  size  that  should  be  considered  a  neighbor¬ 
hood  about  a  node,  several  military  helicopter  pilots  were  contacted 
to  discuss  terrain  following  or  nap  of  the  earth  flying.  These  pilots 
unanimously  report  that  a  range  of  one  kilometer  is  utilized  to  con¬ 
sider  their  next  position.  Even  though  major  terrain  features  used 
for  reference  points  can  be  seen  several  kilometers  away,  terrain 
following  flights  require  a  pilot  to  concentrate  on  the  immediate  area 
to  avoid  terrain  impact.  Therefore,  one  kilometer  was  selected  as  the 
rectilinear  distance  about  a  node  to  define  a  neighborhood. 

Depicting  the  relationship  of  nodes  in  a  neighborhood,  Figure  4.4 
contains  the  nodes  surrounding  nodes  13  and  17.  These  nodes  are  in  the 
neighborhood  of  either  13  or  17.  Table  4.2  lists  these  nodes,  the  co¬ 
ordinates,  and  the  distance  from  the  center  (1  unit  =  70  meters). 

The  negative  nodes  are  the  high  elevation  centers  and  the  positive  nodes 
are  the  low  elevation  centers.  As  can  be  seen  in  Figure  4.4  and  Table 
4.1,  five  nodes  are  shared  by  nodes  13  and  17. 

With  this  information,  a  value  can  be  assigned  to  these  neighbor¬ 
hood  nodes  based  on  their  elevation  and  distance  from  the  primary  node. 
The  higher  elevation  nodes  would  normally  be  avoided  in  favor  of  travel¬ 
ing  to  a  low  elevation  node.  A  penalty  for  height  is  added  to  the  ex¬ 
posure  value  of  each  node  by  the  following  factor. 

Z.  -  Z  .  ^ 

J  mm 
ZR 

/ 

where  ZP.  =  the  penalty  assigned  to  node  j  , 

J 


the  elevation  of  node  j  , 


Node  13  (113,  23,  300) 


No. 

(X,Y,Z) 

Distance 

No. 

(X,Y,Z) 

Distance 

6 

(100,  10,  300) 

13.038 

20 

(42,  27,  290) 

10.770 

8 

(8,  10,  300) 

16.971 

25. 

(68,  8,  280) 

14.036 

9 

(41,  12,  300) 

17.029 

27 

(83,  38,  280) 

19.799 

17 

(93,  25,  290) 

10.198 

-16 

(64,  18,  290) 

7.810 

Node 

17  (93,  26,  290) 

No. 

(X,Y,Z) 

Distance 

No. 

(X,Y,Z) 

Distance 

6 

(100,  10,  300) 

18.601 

26 

(93,  38,  280) 

18.439 

8 

(81,  21,  290) 

14.142 

27 

(83,  38,  280) 

12.649 

13 

(113,  23,  300) 

10.198 

-12 

(70,  16,  300) 

14.866 

15 

(69,  24,  280) 

14.036 

-16 

(64,  18,  290) 

17.000 

25 

(68,  38,  280) 

16.279 

-20 

(90,  31,  290) 

12.083 

35 


^min  ~  minimum  elevation  of  the  neighborhood  nodes, 

ZR  =  the  range  between  the  maximum  and  minimum  ele¬ 

vation  in  the  neighborhood. 

0  <  ZP.  <  1 

To  account  for  distance  from  the  central  node,  the  penalty  is 
associated  with  traveling  short  distances  rather  than  long  distances. 

The  idea  is  to  travel  as  far  as  possible  in  the  neighborhood  to  reach 
a  low,  least  exposed  node.  Thus  the  distance  factor  is  given  by: 


where  DP.  =  the  penalty  for  a  short  distance  between  the  central 
^  and  neighborhood  node, 

D.  =  the  distance  to  the  neighborhood  node  j, 

VI 

=  the  minimum  distance, 
mi  n 

DR  =  the  range  between  the  maximum  and  minimum  distance 
in  the  neighborhood. 

0  <  DP.  <  1 

J 

Adding  these  two  factors  to  the  exposure  value  results  in  the  following 


The  linkage  (ij)  is  from  node  i  to  node  j  for  which  j  is  the  mini¬ 
mum  value  within  the  neighbhorhood.  Since  each  point  and  neighborhood 
is  considered  independently  of  any  previous  neighborhoods,  this  method 
is  a  dynamic  programming  approach  to  solving  this  problem. 


The  route  objective  is  to  provide  a  path  to  the  terminal  position. 
Therefore,  some  weighting  should  be  given  to  those  nodes  which  lie  in 
the  general  direction  of  travel.  To  implement  this  idea,  the  vector¬ 
heading  from  the  current  position  to  the  terminal  node  is  found.  The 
nodes  which  lie  within  90°  of  either  side  of  this  heading  have  a  weight 
of  1.  Those  nodes  greater  than  90°  are  located  behind  the  current 
position  and  have  a  weight  of  2.  The  exposure  penalty  of  a  neighbor¬ 
hood  node  is  multiplied  by  this  weight  to  give  preference  to  those  nodes 
which  are  ahead  of  the  current  position.  If  a  position  behind  the  cur¬ 
rent  one  has  a  very  low  exposure  penalty  it  can  still  be  selected,  but 
the  route  procedure  will  reorient  to  the  terminal  node  and  will  favor 
the  destination  direction. 

When  the  route  model  has  reached  a  position  within  1  km  of  the 
terminal  node  the  weighting  scheme  is  modified  to  be  more  selective. 

The  angle  of  preference  is  reduced  to  45°  of  the  route  heading  and  per¬ 
tains  to  those  nodes  lying  inside  the  1  km  range.  The  weighting  schemes 
for  the  selection  process  are  given  in  Figures  4.5  and  4.6. 

In  developing  the  model,  it  was  found  that  these  weighting  schemes 
lack  one  vital  criterion  -  radar  avoidance.  The  first  two  weightings 
provide  the  model  with  decision  logic  which  improves  the  performance 
considerably;  however,  if  the  minimum  exposure  point  was  located  on 
the  other  side  of  a  sensor,  then  the  logic  would  still  choose  this  same 
point  even  though  the  route  would  then  be  directly  over  the  sensor. 

After  some  testing  of  the  model,  a  radar  avoidance  scheme  was  added  to 
the  weighting  preference. 

Air  defense  radars  usually  will  have  an  acquisition  range  greater 
than  the  engagement  range  of  the  weapon  system  (guns  or  missiles).  An 


Weight  2 


Weight  1 


Figure  4.6  Weighting  of  Terminal  Node 
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engagement  boundary  around  the  air  defense  site  is  assumed  to  be  the 
weapon's  kill  radius.  A  vector  from  the  current  position  to  the  sensor 
is  calculated  to  give  the  azimuth  and  range  to  the  sensor.  A  cone  is 
used  to  form  a  high  rejection  area  for  nodes.  The  current  position  is 
the  apex  of  the  cone  and  the  base  is  twice  the  kill  radius,  with  the 
sensor  at  the  base  midpoint.  A  neighborhood  node  lying  in  this  cone 
and  ahead  of  the  kill  zone  has  a  weight  of  2.  If  it  lies  beyond  this 
boundary  the  weight  is  10.  A  node  point  which  would  cause  the  route  to 
overfly  or  pass  too  close  to  the  air  defense  site  is  thus  avoided. 

Figure  4.7  shows  the  relationship  between  the  current  node  and  the 
sensors,  the  terminal  node  and  the  new  node.  The  angles  shown  in  the 
figure  are  utilized  in  calculating  the  weighting  values.  Integer  arith¬ 
metic  allows  a  uniform  weight  to  be  assigned  within  any  one  area.  The 
equations  for  calculating  these  weightings  follows. 


Angle  of  new  node  j  from  destination  heading  is: 

ANj  -  AH  ,  -180°<  ANT  s  180° 

ANT  =  <{  ANj  -  AH  +  360°,  ANT  <  -180° 

360°+  AH  -  ANj  ,  ANT  >  180° 


Direction  Weight  is: 

W.  =  |ANT|/90°  +  1 


Terminal  Weight  is: 


2  lANTI  /45°  +  1  ,  <  1  km 

(2  |ANTl/45°  +  1)  100  ,  >  1  km 


Node 


Figure  4.7  Radar  Avoidance  Weighting 


Radar  Avoidance  Weight  Is: 

f  0  ,  AS  -  ANj  >  AK 

AWj  =  •  2  ,  RNj  >  RS  -  RK,  AS  -  ANj  <  AK 

10  ,  RNj  <  RS  -  RK,  AS  -  ANj  <  AK 

Where  the  variables  In  the  equations  and  Figure  4.7  are: 

ANj  =  the  angle  from  the  x-axIs  to  the  new  node  j, 

AH  =  the  angle  from  the  x-axis  to  the  terminal  node, 

ANT  =  the  angle  between  the  new  node  and  the  terminal  node, 

AS  =  the  angle  to  the  sensor  from  the  x-axis, 

AK  =  the  angle  to  each  side  of  the  sensor  heading  which 

would  be  within  the  kill  radius, 

RS  =  the  range  to  the  sensor  from  the  current  route  node, 

RK  =  the  kill  radius  of  the  weapon  system, 

RNj  =  the  distance  to  the  new  node  j. 

The  final  exposure  penalty  for  a  node  is  defined  by: 

N.  =  min  (W.  +  RW.  +  AWj  •  EP  (ij) 

K  j  J  J  J 

Where  Nj^  =  the  next  node  selected  for  the  route, 

W.  =  the  weight  of  node  j  based  on  its  angle  heading, 

vl 

RW.  =  the  weight  of  node  j  based  on  its  range  to  terminal  node, 
J 

AW.  =  the  weight  of  node  j  based  on  whether  or  not  it  lies  In 
^  the  radar  avoidance  cone. 

4.5  Route  Refinement 

A  review  of  the  resulting  routes  as  developed  by  the  model  indica¬ 
tes  a  need  for  route  refinement;  therefore,  it  is  necessary  for  the 
route  selection  logic  to  evaluate  whether  or  not  route  nodes  are 


. ^ 
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adjacent  to  each  other.  In  an  attempt  to  avoid  air  defense  sites,  the 
route  may  double  back  on  itself.  Thu^,  the  route  must  be  refined  by 
determining  if  each  node  j  ahead  of  the  current  position  i  is  the 
closest  one.  If,  for  example,  the  ninth  route  node  ahead  of  the  cur¬ 
rent  one  is  the  closest  position,  then  that  node  becomes  the  next  node 
to  link  with  node  i.  Node  i  is  linked  to  node  j  by  the  following  re¬ 
lation. 

L(ij)  =  min  [(x^  -  x^)^  +  (y^  -  y.)^]'"* 

J 

j  =  i  +  1,  . .  n 

where  L(ij)  =  the  link  between  i  and  j, 

(x^. ,  y^)  =  the  current  node  position, 

(x.,  y.)  =  the  next  node  position. 

vJ  J 

With  this  refinement  to  the  model  route  logic,  a  shorter  more 
direct  route  to  the  destination  can  be  found.  With  the  model  develop¬ 
ment  complete,  an  example  will  be  given  in  the  next  chapter. 


CHAPTER  V 


ROUTE  SELECTION  EXAMPLE 


5.1  Introduction 

The  model  is  now  utilized  in  selecting  a  route.  The  example  de¬ 
scribed  in  this  chapter  is  a  portion  of  a  route  found  by  the  model. 
Additional  route  problems  that  were  solved  by  the  model  are  contained 
in  Appendix  A.  The  general  computer  outline  of  the  model  and  each  sub¬ 
routine  is  given  in  Appendix  B.  In  addition  the  model  software  is  com¬ 
mented  throughout  for  ease  in  understanding  the  logic. 

The  area  of  analysis  is  10  by  10  km.  This  size  area  is  large 
enough  to  exercise  the  model  yet  small  enough  to  run  in  30  CPU  seconds 
(6.5  seconds  compile,  23.04  execution).  The  actual  terrain  is  rolling 
hills  with  an  elevation  range  from  270  to  400  meters.  Within  this  area, 
3  sensors  are  located  to  provide  radar  coverage. 

Two  positions  were  arbitrarily  selected  on  opposite  sides  of  the 
area  as  an  initial  and  terminal  node.  These  two  positions  are  situated 
such  that  the  three  sensors  are  between  these  points.  Any  route  found 
will  have  to  consider  node  positions  that  lie  near  the  sensors  since 
they  act  as  a  barrier  to  be  crossed. 

5.2  Elevation  Nodes 

The  initial  part  of  the  model  provides  the  clustering  of  terrain 
data  into  high  and  low  elevation  groups.  Within  each  group  a  center  is 
found  that  becomes  a  node  point  for  selection.  The  example  clustering 
results  were  106  low  elevation  nodes  and  94  high  elevation  nodes. 
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Within  the  low  elevation  group,  the  initial  and  terminal  nodes  are  in¬ 
serted  so  that  when  the  nodes  are  ordered  by  rows  they  will  be  in  se¬ 
quence.  The  first  node  is  also  the  initial  node.  The  terminal  node 
is  number  86.  All  high  nodes  are  indicated  by  a  minus  sign. 

5.3  Line  of  Sight  Calculations 

The  amount  of  calculation  required  in  identifying  the  nodes  is 
minimal  and  consists  mostly  of  comparisons  and  list  searching.  The 
first  portion  requiring  any  degree  of  computation  is  the  LOS  calculation 
in  subroutine  RADIAL. 

For  these  calculations  low  elevation  node  10  and  high  elevation 
node  -11  were  selected  as  examples  for  determining  LOS.  Two  sensors 
will  be  used,  as  the  calculations  for  more  combinations  are  the  same. 

The  coordinates  of  the  two  nodes  and  sensors  are  given  in  Table  5.1. 


Table  5.1  Node-Sensor  Coordinates 


Node  (N.)  (X,  Y,  Z) 

Sensor  (R)  (X,  Y,  Z) 

10  {29,  14,  310) 

-11  (12,  16,  330) 

1  (68,  70,  300) 

2  (47,  99,  310) 

The  first  step  performed  by  the  model  is  to  determine  if  the  node 
or  sensor  is  the  western  most  point.  Comparing  X  values  in  Table  5.1 
indicates  that  both  nodes  are  to  the  West  of  sensor  1.  Node  10  will  be 
analyzed  first. 

Table  5.2  gives  the  initial  values  for  the  variables  used  in  this 
example.  The  horizontal  scale  is  one  unit  equals  70  meters  and  the 
vertical  values  are  in  meters. 


Table  5.2  Parameter  Values 


Map  Sheet 

2 

EAST 

30 

WEST 

16 

SOUTH 

1 

NORTH 

150 

Earth  Curvature  (RE) 

8490200.0  meters 

(radar  4/3) 

Vehicle  Height  (V) 

10.0  meters 

(Aircraft) 

Sensor  Height  (S) 

3.0  meters 

GRID 

70.0  meters 

The  first  value  needed  is  the  horizontal  distance  between  the  node  and 
the  sensor. 

d  =  [(X2  -  )^  +  (y^  -  y^ 

d  =  [(68  -  29)^  +  (70  -  14)^]^ 

d  =  68.242 

The  azimuth  angle  cosine  and  sine  are: 

cos  :t  =  {^2  -  y-] )  /d 

cos  a  =  (70  -  14)/68.242 
=  0.821 

sin  3  =  (x^  -  X.J  )/d 

sin  a  =  (68  -  29)768.242 
=  0.571 

The  tangent  between  these  two  points  will  determine  whether  the 
eastern  point  lies  above  or  below  the  horizontal  as  measured  from  the 
western  point.  When  calculating  the  tangent,  the  height  of  the  vehicle 
and  sensor  are  added  to  the  appropriate  point.  In  addition,  the  earth 
curvature  for  the  radar  beam  atmospheric  refraction  is  accounted  for 
by  the  following  relation  [16]. 
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Ref  =  0.5  (d)(d)/(RE/6RID) 

Ref  =  0.5  (68.242) (68.242) /(8490200. 0/70) 

=  23  28.5  /121288.57 
=  0.0192 
The  tangent  is: 

Tane  =((Zp+  S)  -  (Z^^  +  V)  -  REF)/(  d)(GRID) 

i 

Tans  =  (303  -  320  -  0.0192)/(68.242)(70) 

=  -0.0036 

The  absolute  value  of  sin  a  is  compared  to  the  sine  of  45°.  Since 
0.571  <  sin  45°,  then  the  direction  is  either  north  or  south.  The 
cosine  is  a  positive  0.821  which  indicates  a  north  heading.  When  the 
cosine  is  negative,  a  south  heading  is  indicated.  The  y  position  is 
found  for  the  north  or  south  direction  by  incrementing  y  by  one  plus 
any  west  boundary  offset.  In  this  example  the  Left  Comp  y  is  zero. 

The  integer  value  of  y  is  used  for  the  data  base  row  index  and  is  found 
by  integer  arithmetic. 

ROW  =  y  +  Ay 
=  14  +  1  =  15 
ARRAY  =  (ROW  -  1)/15  +  1 

=  (15  -  1)/15  +1  =  1 .93  =  1 
ROW  =  ROW  -  (ARRAY  -  1)  (15) 

=  15  -  (1  -  1)  (15)  =  15 

The  column  position  can  be  found  by  the  following. 

COL  =  (  Ay/cos  )  sin  i  +  x  -  WEST  +.  1 
=  (1/0.821 )  (0.571) +  29.0  -16+1 

=  14.70  =  14 


4 

J 
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The  position  of  the  first  point  to  be  extracted  from  the  data  base  is 
located  at  (ROW,  COL,  ARRAY)  =  (15,  14,  1)  of  the  second  map  sheet. 

Now  that  the  elevation  of  308  has  been  found  at  this  point  a  tangent 
is  calculated  to  determine  if  this  new  point  masks  node  10  from  sensor  1. 
The  distance  to  the  new  point,  d',  is  given  by: 
d '  =  Ay/cos 

=  1/0.821  =  1.22 

Ref  =  0.5  (1.22)(1.22)/(8490200.0/70) 

=  0.5  (1.22)(1. 22)7121288.57 

=  0.000006 

Tangent  a  for  the  new  point  is  calculated  by: 

Tan  a  =  (Z^  -  (Z.  +  V)  -  Ref ' )/(d’ )(GRID) 

where  Z^  =  the  elevation  of  the  new  point. 

Tan  a  =  (308  -  320  -  0.000006)/(1 .22) (70) 

=  -0.14 

Since  tan  a  <  tan  8,  this  new  point  does  not  mask  the  node 
(-0. 14<-.0036) .  The  value  of  y  is  incremented  to  find  the  next  grid 
point  to  be  extracted  from  the  data  base. 

y  =  2 

ROW  =  14  +  2  =  16 

ARRAY  =  (16  -  1)/15  +  1  =  2 

ROW  =  16  -  (2  -  1)  (15)  *  1 

COL  =  (2/0.821)  (0.571)  +  29.0  -16+1 


15.39  =  15 
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LSi. 


The  second  point  from  the  data  base  is  located  in  position  (1,  15,  2) 

(2  =  304).  Since  the  column  is  equal  to  15,  the  eastern  edge  of  the  map 
sheet  has  been  reached.  In  this  case  this  second  point  does  not  mask 
the  node,  but  any  further  calculations  have  to  wait  until  the  third  map 
sheet  is  read  into  core  storage. 

The  second  node,'  number  -11,  is  located  on  map  sheet  1.  Since 
this  example  began  on  map  sheet  2,  then  the  procedure  for  starting  on 
the  second  map  sheet,  where  the  first  map  sheet  processing  stopped,  will 
be  shown.  The  basic  calculations  of  sine,  cosine,  etc.  are  similar  and 
are  given  below; 

d  =  [(68  -  12)^  +  (70  -  16)^1 
=  77.795 

Cosn  =  (70  -  16)/77.795 
=  0.694 

Sin  1  =  (68  -  12)/77.795 
=  0.720 

Ref  =  0.5  (77. 795)(77. 795)7(121288. 57) 

=  0.0249 

Tan  -t  =  (303  -  340  -  0.0249)7(77.795)  (70) 

=  -0.0068 

In  this  case,  sin  o  >  sin  45“ ;  thus  the  direction  is  east.  For  a 
easterly  vector  the  value  of  x  is  incremented  by  one  to  find  the  next 
position,  but  the  value  of  y  is  calculated.  Since  x  <  WEST,  x  and 
COL  are  set  to  1.  The  row  index  of  y  is  calculated  by 
ROW  =  (^x/sina  )  cos  a  +  y 

=  ((16  -  12  +  1)7  0.720)  0.694  +  16 
=  20.82 
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ARRAY  =  (ROW  -  1)/15  +  1 

=  (20.82  -  1)/15  +1=2 
ROW  =  ROW  -  (ARRAY  -  1)  (15) 


=  20.82  -  (1)(15)  =  5 

The  first  position  in  the  second  map  sheet  for  node  -11  is  (5,  1,  2). 

The  tangent  of  this  new  point  is  calculated  the  same  as  shown  for  node 
10.  The  tan  a  <  tan  B  in  this  case;  therefore,  the  next  position  on 
the  vector  is  found  and  checked  for  LOS. 

The  result  of  these  computations  is  the  number  of  sensors  which 
can  see  this  node.  Having  obtained  this  count  on  each  node-sensor 
combination  the  exposure  value  for  the  node  can  be  computed.  For  node 
10  the  count  is  3,  since  all  sensors  can  see  this  node.  The  R„,^  value 
for  the  node-sensor  combinations  in  this  example  was  found  to  be  161.941. 
The  sum  of  the  distances  to  the  three  sensors  is  252.589.  The  exposure 
value  is: 


EP  =  NS 


max 


NS 


max 


=  3 


161.941  -  252.589 
3 


161 .941 


=  1.440 

5.4  Route  Selection 

For  the  route  selection  method,  the  initial  point  and  the  next  to 
last  point  along  a  route  were  chosen  as  examples.  The  initial  point  is 
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also  node  1  (7,  3,  270)  and  the  terminal  point  is  node  86  (87,  124,  310). 
Starting  at  node  1,  the  route  seeks  the  minimum  exposure  point  in  the 
neighborhood.  The  nodes  surrounding  node  1  are  given  in  Table  5.3. 


Table  5.3  Neighborhood  Nodes 


Node 

(x,  y,  z) 

Di stance 

Exposure  Value 

4 

(3,  9,  300) 

7.211 

0.672 

-6 

(13,  4,  400) 

6.083 

1. 122 

-8 

(17,  5,  400) 

10.198 

1.167 

-11 

1  (12,  16,  330) 

13.928 

1.310 

The  distance  and  height  penalties  are  now  added  to  the  exposure 
value  for  these  points.  The  height  penalty  is  given  as: 


IP. 


IP, 


IP 


-6 


IP 


-8 


ZP 


-11 


Z,  -  Z  . 
j  min 

ZR 

300  -  300 
100 

=  0.0 

400  -  300 
100 

=  1  .0 

400  -  300 
100 

=  1.0 

330  -  300 

Too 

=  0.3 

The  distance  penalty  is; 


1 .0  - 


0.  -  0  . 

J  min 


DP, 


1 .0  -I  7.211  -  6.083 
7.845 


1.0  -  0.144  =  0.856 


m 
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DP 


-6 


DP 


-11 


6.083  -  6.083 


7.845 

10 

.198 

-  6 

.083  1 

7 

.845 

1 

0.525  = 

=  0.475 

13, 

.928 

-  6. 

,083  1 

7 

.845 

) 

1.0-  1.0=  0.0 


The  final  penalties  associated  with  these  nodes  are: 


Node 

4 

1.528 

Node 

-6 

3.122 

Node 

-8 

2.642 

Node 

-11 

1.610 

The  direction  weighting  of  these  penalty  values  are  determined  by 
computing  the  azimuth  of  the  terminal  and  neighborhood  nodes.  Table 
5.4  gives  the  azimuth  angle  to  the  nodes,  their  weight  and  their  final 
penalty  value. 


Table  5.4  Weighted  Penalty  Value 


From 

To 

Angle  x-axis 

Angle  from  Heading 

Weight 

Penalty 

1 

86 

56° 

0' 

- 

- 

1 

4 

123° 

67° 

1 

1.528 

1 

-6 

9° 

1 

o 

1 

3.122 

1 

-8 

11° 

-45° 

1 

2.642 

1 

-11 

68° 

12° 

2 

3.220 
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To  compute  the  Table  5.4  entries  for  node  4  the  following  values 
are  found  using  integer  arithmetic. 

x-axis  AN^  =  ARCTAN  (Y/X) 

=  ARCTAN  ((9-3)/(3-7)) 

=  -56.31° 


Since  the  angle  is  negative,  it  is  subtracted  from  180°. 


AN4 

ANT 

Weight 


Penalty  EP^.j 


180°  -  56.31°  =  123.69°  =  123° 

123°  -  56°  =  67° 

ANT  /  90°  +  1 
67°/90°  +  1 
0+1  =  1 
(«j)  (EPj) 

(I)(1.528)  =  1.528 


Node  -11  is  the  only  one  in  Table  5.4  that  utilized  the  radar 
avoidance  weighting.  Sensor  2  is  almost  coll  inear  with  nodes  1  and  -11. 
For  this  example,  the  weapon  system  kill  radius  is  1.5  km  or  21.43  in 
units  of  70  meters.  The  calculations  below  would  be  made  for  all  sen¬ 
sors  and  all  nodes  in  the  neighborhood,  however,  only  node  -11  is  af¬ 
fected  in  this  case. 

Angle  to  sensor  2  is  given  by; 

x-axis  AN_^^  =  ARCTAN  (Y/X) 

=  ARCTAN  ((99  -  3)/ (47  -  7)) 

=  67.38°  =  67° 


Angle  of  1/2  cone  is  given  by: 

RS  =  [(99  -  3)^  +  (47  -  7)^]*'^ 

=  104.00 

AK  =  ARCTAN  (21.43/104.00) 

=  11.64° 

Angle  between  sensor  2  and  node  -11  is  given  by: 

AS  -  AP  (from  Table  5.4) 

-r  =  67°  -  68° 

-1°  <  11.64° 

Therefore,  node  -11  is  in  the  cone  of  high  rejection. 

AW.  =  2,  distance  node  -11  <  sensor  2 
J 

(13.9  <  104.00) 

The  next  to  last  node  along  the  route,  number  78,  utilizes  the 
terminal  weighting  scheme.  The  values  associated  with  node  78  are  in 
Table  5.5.  In  this  table  the  terminal  node  86  has  the  smallest  weighted 
exposure.  The  values  in  Table  5.5  are  computed  as  shown  previously 
except  for  the  weight  entry.  The  weight  value  for  nodes  71  and  72  are 
found  below. 

For  node  71 : 

RW.  =  2  ANT/45°  +  1  ,  (13.153)(70)  <  1  km 

J 

=  2  (-179/45)  +  1 
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For  node  72: 

RW.  =  (2  ANT/45°  +  1)  100  ,  (15.0)(70)  >  1  km 

J 

=  (2  (-134/45)  +  1)  100 
=  (2  (2)  +  1)  100  =  500 

5.5  Route  Refinement 

To  provide  an  example  of  route  refinement  consider  the  following 
situation  given  in  Table  5.6. 


Table  5.6  Linkage 


From  Node  (X,  Y,  Z) 

To  Node  (X,  Y,  Z) 

Di stance 

31  (11,  45,  280) 

30  (23,  43,  280) 

12.166 

30  — 

28  (  8,  40,  280) 

15.297 

28  — 

35  (21,  50,  280) 

16.401 

35  — ' 

34  (11,  49,  280) 

10.050 

34  — 

45  (  1,  64,  300) 

18.028 

The  linkage  between  these  points  can  be  seen  in  Figure  5.1. 

From  the  figure,  it  is  seen  that  node  34  is  the  closest  node  to  node 
31.  The  model  determines  this  fact  by  comparing  distances  between 
nodes.  The  distance  from  node  31  to  each  of  the  nodes  ahead  of  it  is 
computed  to  the  end  of  the  route  by  the  model;  however,  for  this  ex¬ 
ample,  the  process  will  stop  at  node  45.  Table  5.7  gives  the  dis¬ 
tance  values  for  each  of  these  nodes. 
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The  closest  node  to  node  31  is  node  34.  In  the  refinement  pro¬ 
cedure,  node  31  would  be  linked  to  node  34.  Nodes  30,  28  and  35  would 
be  eliminated  from  the  route.  The  next  node  in  the  sequence,  node  34, 
would  now  be  compared  with  all  nodes  ahead  of  it  for  the  closest  node. 
The  model  continues  to  evaluate  each  new  node  on  the  route  until  the 
destination  is  reached.  The  results  of  this  procedure  become  the 
refined  route. 
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CHAPTER  VI 


MODEL  RESULTS 


6.1  Introduction 

To  evaluate  the  effect  of  sensor  location  on  the  route  selection, 
two  sets  of  sensor  deployments  were  chosen  along  with  two  sets  of 
beginning  and  end  points.  Since  the  test  area  was  predominantly  level 
terrain,  a  second  small  area  was  chosen  of  moderately  rough  terrain. 

The  results  of  the  two  small  10  by  10  km  terrain  areas  are  pre¬ 
sented  first,  followed  by  the  large  35  by  35  km  area.  To  run  the  large 
terrain  required  increasing  the  dimensions  of  several  primary  arrays. 
The  computer  processing  time  for  the  large  area  increased  by  a  factor 
of  10. 

A  plot  of  the  route  has  proven  to  be  the  best  analysis  tool  in 
evaluating  the  resulting  routes.  The  tables  provide  the  quantitative 
results;  however,  the  route  figures  provide  a  visual  comparison  between 
routes  that  is  discernible. 

6.2  Small  Area  Analysis 

The  performance  of  this  model  was  judged  by  varying  sensor  and 
route  end  points  to  provide  different  routes.  Tables  6.1  and  6.2  pro¬ 
vide  the  location  of  sensors  and  route  end  points  utilized  in  the  two 
small  terrain  areas.  Each  set  of  sensors  was  deployed  against  each 
route,  resulting  in  four  cases  for  each  area  as  shown  in  Table  6.3. 
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Table  6.1  Sensor  Locations 


Area 

1 

Set  1 

Set  2 

Sensor 

(X,Y,Z) 

Sensor 

(X,Y,Z) 

1 

(68,  70,  300) 

1 

(115,  116,  330) 

2 

(36,  119,  350) 

2 

(90,  84,  340) 

3 

(47,  99,  310) 

3 

(103,  45,  320) 

Area  2 


Set  1 


Sensor  (X,Y,Z) 

1  (28,  114,  330) 

2  (61,  90,  380) 

3  (78,  71,  350) 


Set  2 


Sensor  (X,Y,Z) 

1  (78,  57,  350) 

2  (85,  42,  340) 

3  (100,  17,  320) 


Table  6.2  Initial  and  Final  Route  Points 


Area  1 

Route 

Node 

From  (X,Y,Z) 

Node 

To  (X,Y,Z) 

1 

1 

T77"3,  270) 

86 

18^7,  124,  310) 

2 

31 

(11,  45,  280) 

96 

(135,  135,  360) 

Area  2 

Route 

1 

Node 

3 

From  (X,Y,Z) 
W7  4.  350) 

Node 

81 

To  (X,Y,Z) 

(118,  111,  310) 

2 

35 

(11,  50,  300) 

84 

(128,  114,  320) 
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Table  6.3  Route  Cases 


Case 

Area 

Route 

Sensor 

Set 

1 

1 

1 

1 

2 

1 

2 

1 

3 

1 

1 

2 

4 

1 

2 

2 

5 

2 

1 

1 

6 

2 

2 

1 

7 

2 

1 

2 

8 

2 

2 

2 

The  initial  point  and  the  destination  point  are  placed  in  the  low  ele¬ 
vation  array  with  their  node  number  within  that  array  given  in  Table  6,2. 
Except  for  the  initial  and  destination  nodes,  the  set  of  high  and  low 
elevation  nodes  for  an  area  is  determined  solely  on  elevation.  They 
remain  constant  for  all  scenarios.  Table  6.4  indicates  106  low  elevation 
nodes  and  Table  6.5  indicates  94  high  elevation  nodes.  Tables  6.6  and 
6.7  give  the  exposure  values  of  these  nodes  for  the  first  set  of  sensors. 
These  values  will  change  with  each  sensor  deployment  and  the  number  of 
sensors.  The  first  entry  in  Table  6.6  corresponds  to  the  first  entry 
in  Table  6.4  with  the  other  values  corresponding  in  the  order  given. 
Likewise,  Table  6.7  entries  correspond  to  the  entries  in  Table  6.5  in 
the  same  manner.  The  data  contained  in  these  four  tables  provide  the 
basic  information  required  for  the  route  selection. 

The  results  of  the  route  selection  process  for  the  first  case  is 
given  in  Table  6.8.  The  node  linkage  is  from  node  1  to  node  j  with  the 
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X-CCOROIKATE 

Y-COORDIKATE 

?*CCOROI\ATE 

X-COOPCIHATE 

Y-COOROI\ATr 

2-CCCRDI\ATt 

X-CCCROUATE 

Y-COORCINATf 

2-COOfiCUATE 

X-CCOROUATE 

Y-CCORDINATE 

2-COORClRATE 

X-COORCt\ATC 

Y-CCORDIAATE 

2-CCOROIKATE 

X-CCCROINATE 

Y-CCOPOINATE 

Z-CCCROINATf 

X-CCOROINATE 

y-COOROINATE 

2-CCOROINATE 

x-c:cRcr\AT£ 

Y-CCOROTNATf 

2-CCCRCIRATE 

X-C00RC2hATE 

v-coordin#te 

2-C00RDI^ATE 

X-C?CfiCI\ATE 

Y-COOROUATC 

Z-CCOROIRA^E 

X-CCCRDIKATE 

T-CeCRClKAT£ 

2-CCCROIMiATC 


Table 

6.4 

.  Low 

Elevation 

Node 

Points 

7 

136 

126 

3 

112 

100 

66 

81 

41 

56 

J 

8 

6 

9 

10 

10 

11 

12 

12 

13 

270 

3Q0 

300 

300 

300 

300 

290 

290 

300 

290 

2? 

128 

115 

6 

69 

141 

93 

79 

25 

42 

M 

22 

23 

24 

24 

25 

25 

26 

27 

27 

310 

303 

300 

300 

280 

300 

290 

280 

300 

290 

£** 

121 

146 

112 

68 

93 

83 

53 

8 

39 

2S 

31 

34 

35 

33 

36 

38 

38 

40 

42 

2€0 

300 

300 

30<] 

260 

200 

280 

280 

280 

280 

2? 

;? 

«  c 

11 

21 

68 

83 

93 

112 

145 

4 ; 

47 

49 

49 

SO 

51 

52 

54 

56 

59 

zao 

280 

280 

28C 

2ec 

2  60 

280 

280 

300 

3C0 

127 

84 

94 

67 

1 

25 

56 

128 

113 

143 

63 

63 

63 

64 

64 

65 

66 

66 

66 

SK 

290 

290 

29C 

300 

300 

29C 

300 

3C0 

300 

3e 

94 

144 

134 

6 

30 

«2 

68 

53 

83 

76 

76 

76 

77 

77 

81 

83 

83 

83 

SCO 

300 

300 

310 

34  C 

310 

3C0 

300 

300 

300 

100 

92 

150 

30 

44 

111 

K  K 

69 

124 

8 

B9 

91 

91 

S3 

94 

CC 

97 

98 

98 

33C 

300 

360 

330 

31C 

330 

3C0 

300 

350 

350 

53 

94 

150 

l.:6 

45 

56 

73 

85 

96 

1G6 

90 

99 

105 

US 

106 

1C6 

1C7 

111 

113 

114 

300 

303 

360 

33C 

330 

32G 

3CC 

3CQ 

300 

31C 

7 

149 

122 

16 

16 

37 

1 1 

113 

5 

123 

117 

119 

1 19 

12C 

122 

124 

127 

:Z8 

124 

129 

300 

3*C 

330 

3CC 

3CC 

31C 

3C0 

330 

330 

3SC 

it 

91 

147 

75 

32 

23 

14 

25 

83 

38 

129 

129 

132 

135 

135 

135 

137 

141 

143 

144 

3CC 

!C0 

3  30 

31 : 

3i: 

3o: 

3C0 

300 

300 

300 

96 

53 

146 

65 

106 

124 

1*5 

146 

146 

147 

1*9 

150 

300 

300 

320 

30C 

SOC 

320 

KURf^CR  CF  NOCES  106 
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Table  6.5.  High  Elevation  Node  Points 


X-CCOROI^iTE 

32 

96 

67 

121 

199 

13 

115 

17 

99 

75 

Y-CCOROI\*TE 

3 

3 

« 

3 

9 

« 

5 

5 

6 

2-c:orouate 

330 

310 

309 

SIC 

330 

900 

310 

900 

310 

300 

>-COOPOP.*TE 

12 

90 

31 

%7 

16 

69 

MT 

100 

127 

93 

v-crcBor^iTE 

16 

16 

17 

M 

16 

16 

20 

29 

30 

31 

/-cco*»c  :^*TE 

330 

300 

310 

330 

530 

290 

310 

300 

320 

290 

^-CCCRDISATt 

U 

97 

21 

35 

126 

115 

Ml 

105 

105 

116 

Y-C*:u^iOl^»Tt 

32 

32 

35 

37 

39 

^2 

42 

95 

46 

49 

Z-CCOnDT^*TE 

290 

290 

300 

290 

330 

330 

33r 

330 

320 

330 

X-CCCPDI^*TE 

MO 

129 

36 

27 

66 

96 

62 

10 

63 

51 

t-ccopcin*te 

53 

59 

56 

57 

59 

59 

59 

6C 

70 

70 

2-C^'OftOI*  ATE 

33P 

330 

300 

3P0 

290 

300 

290 

SIC 

300 

300 

*-CrCPCT\ATE 

66 

e 

32 

17 

113 

122 

1C9 

139 

90 

105 

Y-COOROT».ATE 

71 

72 

79 

7* 

75 

75 

75 

75 

eo 

60 

J-COORCIMTE 

300 

330 

310 

330 

399 

330 

33C 

319 

31C 

340 

x-CCCRCIAATE 

U5 

6 

33 

17 

135 

47 

M2 

135 

22 

104 

Y-CCOfiC  IKATf 

e3 

07 

ee 

69 

9P 

90 

90 

S’ 

99 

99 

:-CCC»DIKATC 

35P 

350 

330 

35C 

370 

310 

390 

9C9 

350 

330 

>-C0CRDISATE 

M2 

115 

97 

32 

61 

105 

135 

9 

M2 

116 

V-COOROISATE 

99 

101 

109 

109 

105 

106 

107 

107 

106 

109 

^-CCOPCINATC 

«00 

!50 

330 

350 

320 

330 

390 

S5C 

400 

350 

X-COORDIRATE 

25 

35 

65 

99 

77 

2  35 

MG 

•»T 

27 

67 

y-COOROIIkATE 

113 

115 

116 

116 

116 

122  « 

129 

127 

127 

126 

2-COOROZRATC 

350  ■ 

350 

330 

390 

329 

350 

350 

320 

350 

330 

X-CCCPOIN’*TE 

103 

96 

91 

2 

109 

99 

127 

99 

64 

77 

Y-CuOfiOIS*TE 

129 

129 

130 

131 

137 

137 

137 

137 

13d 

136 

2-COORCIKATC 

330 

350 

350 

360 

330 

190 

390 

39C 

330 

310 

X-CCORCIRATC 

3 

190 

115 

M 

Y-COOPOI^ATt 

M3 

193 

199 

196 

2-COOPDI^ATE 

360 

330 

330 

390 

Nunecfi  0^  NOuCs 


1 
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Table  6.9.  Node  Linkage 


Nccc  t;c* 

1  total  LINKS 

A 

X«v««  CCOR 

CINATE 

7# 

3.  270 

LINHCD  to 

A 

“6 

-8 

-11 

CXPCSUftC 

152 

311 

263 

160 

yClGl-TCO 

155 

312 

26A 

322 

Ncoe  ^o• 

A  total 

LINKS 

A 

X«Y«Z  COORCINATC 

9« 

9*  300 

LJ»«KEO  TO 

lA 

-6 

-11 

-8 

-15 

CXPCSURC 

172 

311 

25  7 

262 

16f 

yriGt^Tco 

lAG 

312 

516 

263 

338 

NCOC  KO« 

-2  TtTAL 

LINKS 

6 

XtY«Z  COORCINATC 

IT* 

5t  AOO 

LlNKtC  TO 

11 

-6 

-11 

-15 

-1 

-13 

CNPOSURE 

1G3 

911 

197 

198 

166 

1*9 

VCIG^TCO 

IGA 

62a 

198 

398 

167 

292 

NOCt 

11  TCTAL 

LINKS 

6 

XeTtZ  CCOA 

:iNATC 

2S«  1 

4f  310 

Llfc^c:  TO 

q 

19 

20 

-13 

-1 

-l^ 

CXPCSURC 

2CG 

219 

167 

2  9a 

266 

281 

VCIGHTCO 

207 

216 

336 

990 

53* 

9t* 

NODE  KO* 

9  TCTAL 

links 

A 

XtYtZ  COOR 

CINATC 

Al«  12f  300 

LINKED  TO 

10 

-lA 

-2 

-13 

-1 

EXPOSURE 

lAA 

277 

2A6 

253 

25* 

UElGfTEO 

1A5 

276 

A9A 

25A 

510 

NCOE  NO* 

10  total 

LINKS 

7 

XfY*;  CCOfiCINATt 

56f  1 

3t  290 

linre:  to 

7 

21 

J  K 

2C 

-16 

-1* 

-2 

EXPO$U-.E 

2aa 

21A 

167 

199 

28* 

3C6 

27b 

yClCt-TCD 

2A5 

A30 

1K6 

200 

285 

309 

95* 

NCCC  NC* 

15  TCTAL 

LINKS 

7 

x*T.>  ccc=: 

:iNATE  24*  29C 

L1N4CC  TC 

18 

21 

7 

25 

8 

27 

-16 

ERPCSUPE 

:!5 

2*6 

2R5 

23* 

2*8 

176 

3*2 

meigntco 

2A5 

2A7 

572 

*70 

*98 

177 

686 

NODE  NO* 

27  TCTAL 

LINKS 

7 

XeYtl  CCO®; 

.INATE  SS«  36 

*  280 

LlNKEC  TC 

2b 

IS 

57 

29 

17 

36 

-2C 

expcsure 

2A5 

231 

297 

239 

272 

2C9 

3*9 

UCtCKTEO 

26G 

A6A 

258C 

*72 

5*6 

<1S0 

730 

NCCE  NC* 

26  TCTAL 

LINKS 

7 

x*Y*2  ccc*: 

IKATE  93*  3?*  2B0 

lin-e:  to 

IT 

17 

18 

-2C 

-2? 

-29 

-1  8 

EyPC$*jRE 

116 

2:9 

199 

278 

SOI 

277 

2*2 

hEIGhTEO 

a3a 

•20 

320 

558 

302 

278 

*:€ 

NODE  NC*  - 

total 

LINKS 

7 

XeY^i  COC»: 

INAT£  io«*  320 

tTNuEC  TO 

59 

29 

38 

-29 

-26 

-30 

-20 

txPCSUPC 

2*6 

210 

161 

399 

293 

299 

17* 

y£  1C^TC0 

2A7 

*36 

32A 

720 

588 

296 

358 

NCOE  NC* 

39  total 

LINKS 

A 

N«T«2  cccx: 

INATE  11 

2«  96*  300 

linxec  to 

49 

*l 

-30 

-28 

-26 

EXPCSllXt 

2*1 

172 

3*6 

289 

253 

VEtChTED 

2*2 

3*6 

69* 

980 

508 

NOCt  NC* 

A9  total 

L  !•  KS 

6 

x•Tt^  cooa: 

iNATE  U3«  66t  300 

LtNXEC  TC 

AS 

*1 

-A9 

-A6 

-*7 

•50 

EXPCSUPE 

76 

171 

371 

187 

510 

287 

yElGftTEO 

190 

3*A 

372 

188 

€22 

266 

65 


Table  6.9.  (cont'd. ) 


NODE  NC. 

96  total  l; 

INKS 

e 

X,V,Z  COOK 

UNATE  126< 

»  66, 

300 

LJNKEC  TO 

Al 

59 

50 

-96 

-32 

-A8 

•95 

-SI 

EVPCSUKE 

26K 

91 

*»? 

20A 

25S 

57 

275 

167 

weighted 

530 

52 

156 

205 

520 

59 

596 

376 

NOOe  fno*  -^9  total  L!\KS  4 
X«Y«Z  CQO^riNATC  n9f  75*  310 


linked  to 

53 

5K 

50 

-55 

EXPCSUSE 

ICO 

119 

125 

23’' 

we  K*-TEC 

2ca 

130 

252 

236 

NOOl  NO.  93  total  LUKS  9 
X«YtZ  COO^:UAT£  lAA.  76,  300 


linked  to 

50 

59 

63 

-57 

-55 

EKPCSUNC 

15  3 

«8 

71 

253 

215 

weighted 

3C« 

69 

72 

25K 

216 

NODE  NC.  63  TOTAL  LI*!KS  9 
XeY,Z  CCO“DIM*Tr  150,  91,  360 


LINKED  TO 

7  3 

-57 

-61 

-55 

-58 

EKPCSORE 

26 

299 

283 

176 

235 

WEICrTEO 

27 

t:o 

28* 

359 

972 

NCOC  NO.  ■?3  TOTAL  LI'.KS 

X,Y,2  COO^CINATC  150,  105,  360 


linked  to 

92 

-69 

-61 

-67 

-58 

-57 

-55 

EXBCSURE 

56 

322 

312 

266 

270 

2«i 

167 

weighted 

57 

323 

313 

5SA 

5a; 

292 

188 

NODE  NC.  eZ  *0TAL  links  5 
x,Y,z  ccc«:iNATc  IAS,  US,  3*: 


LINKED  TC 

9  3 

-'7 

-65 

-76 

-67 

EKPCSURC 

95 

21* 

286 

161 

^21 

WEIGHTED 

«6 

2:5 

2«9 

162 

AAA 

NODE  NO,  93  TOTAL  LINKS  a 
X,T,Z  COORCP.ATt  IA7,  132,  330 


LlNKtC  TO 

lOS 

-77 

-92 

-76 

EXPOSURE 

61 

273 

15A 

ITS 

WEIGHTED 

12* 

5A0 

155 

360 

HOCC  \C.  103  TOTAL  LINKS  6 

X,Y,2  CCGfiOlNATE  1*6,  Uf,  320 


linked  TO 

90 

83 

-92 

-67 

-77 

-76 

EXPCSURE 

:7i 

98 

170 

231 

216 

21Q 

WE IGHTEC 

!«• 

198 

392 

*6* 

2U 

711 

9CCE  s:,  63  ’OTAl  links  5 

>I,Y,Z  C30SC1NATC  125,  n*>,  33C 


linked  t: 

so 

88 

-73 

-76 

•67 

EXPOSURE 

2*5 

227 

2«S 

172 

2  S* 

6*:  ightec 

296 

228 

281 

3*6 

A7C 

NODE  Nc,  ee  total  links  ; 
X«T,Z  CCCKCINATE  U!i  IZE,  330 


linked  TC 

•c 

ec 

-61 

-85 

-87 

EXPOSURE 

310 

198 

3A1 

233 

229 

weighted 

622 

398 

3a2 

239 

*69 

NODE  NC. 

-85  70TAL 

LINKS 

12 

XtYfZ  COORDINATE  10*,  137 

,  33C 

linked  to 

91 

90 

8« 

60 

79 

76 

-81 

-87 

-90 

-78 

LINKED  TO 

-70 

-79 

EXPOSURE 

115 

259 

130 

292 

230 

151 

SS5 

251 

93 

199 

CXPCStRC 

277 

183 

WEIGHTED 

232 

510 

2f  2 

2*3 

962 

309 

936 
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corresponding  penalty  associated  with  this  pairing.  The  easting  and 
northing  values  are  the  number  of  meters  from  the  southwest  corner  of 
the  area.  This  corner  Is  the  standard  position  for  reference  on  a  map. 
Knowing  the  southwest  corner  of  the  actual  map  area  being  analyzed,  tne 
nodes  can  be  positioned  on  the  map  by  finding  the  point  X  meters  easting 
and  Y  meters  northing  from  the  southwest  corner.  Table  6.9  contains 
the  neighborhood  nodes  for  each  node  along  the  route.  Three  data  items 
are  provided:  The  nodes  are  listed  on  the  third  line,  the  unweighted 
exposure  value  pertaining  to  that  node  is  listed  on  the  fourth  line, 
and  the  final  weighted  penalty  for  the  node  is  given  on  the  fifth  line. 

Figure  6.1  shows  the  position  of  the  sensors  and  the  resulting 
route  for  the  first  case.  The  route  avoids  the  air  defense  sensors  by 
traveling  east  before  turning  north.  The  destination  point  is 
approached  from  an  easterly  direction. 

Figures  6.2  through  6.8  are  the  resulting  routes  for  the  cases 
listed  in  Table  6.3.  In  each  Figure  the  location  of  the  sensors  are 
shown.  The  terrain  in  Figures  6.1  through  6.4  is  flat  to  moderately 
hilly.  There  is  a  valley  that  proceeds  from  the  southwest  to  the 
northeast  through  the  center  of  this  terrain.  The  rough  terrain  is 
located  to  the  southeast  and  east.  A  large  flat-top  hill  is  located  in 
the  northwest. 

The  terrain  in  the  second  area  is  rougher  (Case  5  through  8). 

There  is  a  prominent  ridge  running  from  the  southeast  to  the  center  of 
the  area.  There  are  valleys  on  each  side  of  this  ridgeline  that  join 
in  the  northwest.  In  Figures  6.5  and  6.7,  the  route  selection  was 
difficult  with  the  sensors  located  in  the  northern  and  central  areas. 
When  the  sensors  were  located  on  top  of  the  ridge  and  to  the  south, 
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Figure  6.1.  Case  1  -  A1 ,  R1 ,  SI. 
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Figure  6.2.  Case  2  -  A1 ,  R2,  SI 
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Figure  6.4.  Case  4  -  Al,  R2,  S2, 
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Figure  6.6.  Case  6  -  A2,  R2,  SI 
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Figure  6.8.  Case  8  -  A2,  R2,  S2 . 


75 


the  routes  selected  follow  the  base  of  this  ridge  (Figures  6.6  and  6.8). 

6.3.  Refined  Routes 

These  initial  routes  shown  in  Figures  6.1  through  6.8  were  refined 
and  the  new  routes  are  shown  in  those  cases  where  improvement  could  be 
achieved.  For  case  one,  the  refinement  process  accepted  the  initial 
results  as  final. 

In  the  other  cases  improvement  was  achieved  by  the  refinement  process. 
The  improvement  in  case  two  occurs  at  the  beginning  of  the  route  (Figure  6.9). 
The  route  initially  headed  north  and  was  not  able  to  avoid  the  air  defenses. 
The  model  reversed  directions  and  utilized  a  southern  route.  The  route 
refinement  eliminates  the  first  several  nodes  to  achieve  the  improvement. 

The  radars  are  located  in  the  east  for  cases  three  and  four.  The 
initial  routes  are  to  the  north;  however,  the  hilly  region  in  the  northwest 
caused  the  selection  process  to  change  directions  and  proceeds  south.  The 
refinement  in  case  three  smoothed  the  initial  portion  of  the  route  (Figure 
6.10).  The  destination  point  in  case  four  is  located  beyond  the  line  of 
radars;  thus,  causing  the  route  selection  to  double  back  to  avoid  the 
air  defenses.  There  is  significant  improvement  when  the  route  is  refined 
(Figure  6.11). 

In  area  two,  the  rougher  terrain  resulted  in  three  of  the  four 
routes  doubling  back  significantly.  With  the  radars  deployed  on  the 
high  ground  to  cover  the  approach  corridors,  the  route  meanders 
considerably  since  the  model  searched  for  an  acceptable  low  exposure 
route  (Figures  6.5  and  6.6).  The  selection  process  finally  reached 
node  45  from  which  the  radars  could  be  breached.  Figures  6.12  and  6.13 
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Figure  6.10.  Case  3  -  Refined  Route 
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shows  consi''erub1e  route  improvement  when  these  routes  are  refined. 

Figure  6.13  indicates  that  the  route  refinement  is  not  perfect  in 
that  there  is  obvious  improvement  by  proceeding  directly  from  node 
35  to  node  52. 

Case  seven  was  the  only  route  in  area  two  that  the  initial  route  was 
acceptable.  Only  the  first  three  nodes  are  eliminated  in  the  refinement. 

For  case  eight,  the  initial  node  is  located  in  a  narrow  valley  forcing 
the  route  selection  to  proceed  south.  This  direction  is  towards  the  air 
defenses  causing  the  meandering  in  the  route.  The  refinement  caused  the  route 
selection  to  be  across  the  valley  entrance  slope  to  achieve  an  acceptable 
route.  The  routes  in  Figures  6.14  and  6.15  are  mostly  along  the  base  of 
the  ridge.  In  Table  6.10  is  a  summary  of  the  improvements  in  terms  of 
nodes  traversed. 


Table  6.10  Route  Improvement  (Node  Traversed) 
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6.4  Large  Area  Analysis 

Several  size  terrain  areas  were  utilized  to  evaluate  the  model's 
performance.  The  initial  point  was  held  constant  and  the  destination 
and  number  of  sensors  were  varied.  Table  6.11  gives  the  location  of  the 
sensors  and  the  size  area  where  they  were  utilized.  The  areas  ranged 
from  20  by  20  km  to  35  by  35  km.  The  elevation  varied  from  270  to  610 
meters  for  the  20  by  20  km  case  and  varied  from  270  to  850  meters  for 
the  35  by  35  km  cases.  The  limiting  factor  in  the  area  size  is  computer 
core  capacity. 

The  southwest  corner  of  each  area  is  the  same.  The  larger  size 
areas  are  obtained  by  increasing  the  x  and  y  distance  from  this  corner. 

The  test  area  discussed  in  section  6.2  is  the  southwest  10  x  10  km 
sector  of  these  larger  areas.  As  one  travels  from  the  southwest  to 
the  northeast  the  terrain  becomes  progressively  rougher.  Thus,  the 
routes  were  selected  to  travel  this  same  direction.  They  begin  in  the 
southwest  and  end  in  the  northeast  sector.  Since  the  areas  are  larger  the 
lethal  radius  of  the  systems  were  increased  to  6  km. 

The  large  size  of  these  areas  resulted  in  voluminous  output  from 
the  model.  Therefore,  the  results  are  summarized  rather  than  presented 
in  detail  as  the  small  areas.  The  routes  developed  by  the  model  had 
the  same  characteristics  of  the  small  areas.  The  route  end  points  and  the 
sensor  deployment  determined  the  smoothness  of  the  route.  The  routes 
for  all  cases  would  begin  fairly  straight;  however,  the  deployment  of 
the  sensors  and  terrain  roughness  would  cause  meandering  of  the  route 
when  it  reached  the  central  area  of  the  35  by  35  km  case.  The  refinement 
process  eliminated  the  doubling  back  as  it  had  done  in  the  small  cases. 
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Table  6.11  Sensor  Deployment 


20-20  km 

Area 

35-35 

km  Area 

Sensor 

(X,Y,Z) 

Sensor 

(X,Y,Z) 

1 

(97,  280,  500) 

1 

(300,  414,  490) 

2 

(165,  250,  440) 

2 

(371,  214,  490) 

3 

(193,  71,  400) 

3 

(14,  314,  450) 

25-25  km  Area 

4 

(285,  328,  460) 

Sensor 

(X,  Y.Z) 

5 

(228,  407,  520) 

1 

(97,  280,  500) 

6 

(285,  243,  450) 

2 

(165,  250,  440) 

7 

(200,  214,  410) 

3 

(193,  71,  400) 

8 

(336,  71,  350) 

30-30  km  Area 

9 

(364,  288,  530) 

Sensor 

1 

2 

3 

(X,Y,Z) 

(97,  280,  500) 

(336,  71,  350) 

(364,  288,  530) 

10 

(97,  280,  500) 

Table  6.12  provides  an  overall  summary  of  the  six  large  cases. 

The  computer  processing  time  for  each  of  the  cases  indicates  that 
terrain  size  significantly  increases  the  run  times  for  the  model.  The 
30  by  30  km  case,  when  compared  to  the  35  by  35  km  case  of  three  radars, 
indicates  the  deployment  and  route  end  points  can  produce  very  different 
results.  The  initial  routes  for  these  two  cases  are  refined  to  approxi¬ 
mately  the  same  size.  In  all  cases  the  refinement  provided  an  improvement 
in  route  performance  by  reducing  the  penalty. 
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CHAPTER  VII 


MODEL  VALIDATION 

7.1  Introduction 

For  the  model  to  be  of  any  utility,  it  must  be  tested  and  vali¬ 
dated.  A  comparison  is  required  between  a  tactician's  route  analysis 
and  the  heuristic  model  which  attempts  to  approximate  that  analysis. 

The  test  area  has  relatively  flat  terrain  through  the  center 
region  and  high  ground  on  the  eastern  edge  and  in  the  northwest 
corner.  The  hilly  areas  are  difficult  for  the  model  logic  to  process 
into  a  smooth  route  line  that  an  individual  would  expect  to  see  for  a 
route. 

A  tactician  planning  a  route  needs  to  visually  perceive  the 
relationship  between  the  route  initialization,  positions  to  be  avoided, 
and  the  final  destination.  The  air  defense  sensors  will  be  bypassed, 
if  possible,  by  traveling  around  these  positions  outside  their  effective 
engagement  limits.  However,  one  tactician's  ideal  route  may  be  another 
tactician's  worst  case.  The  manually  produced  route  is  a  highly 
subjective  analysis. 

7.2  Manual  Route  Selection 

The  development  of  a  route  by  manual  analysis  requires  studying  a 
topographic  map  of  the  appropriate  area.  The  development  of  a  low 
flying  aircraft  route  dictates  the  type  of  information  desired:  The 


88 


location  of  the  air  defenses,  the  valleys,  the  hill  tops,  and  the 
built-up  areas  is  important.  The  information  concerning  the  area 
is  utilized  in  the  route  selection  to  avoid  the  air  defenses  and 
enemy  concentrations. 

The  problem  with  reading  a  topographic  map  is  trying  to  perceive 
the  3-dimension  aspects  of  the  terrain.  Ordinarily,  relief  is  shown 
by  contour  lines.  For  level  terrain  the  contour  lines  are  widely 
spaced  whereas  rough  or  hilly  terrain  will  have  densely  packed  contour 
lines.  The  rivers  and  streams  give  the  location  of  valley  floors  and 
lowest  points  in  flat  terrain.  One  method  for  showing  the  vertical 
aspects  of  the  terrain  is  to  draw  a  profile  of  the  elevation.  Along  a 
line  between  any  two  points  the  contour  elevations  are  plotted,  from  which 
LOS  can  be  determined  and  the  degree  of  terrain  roughness  (see  Figure  2.2). 
For  a  large  area  and  even  a  modest  number  of  points  this  approach  is 
impractical . 

Figure  7.1  depicts  the  terrain  area  used  in  the  test  case  and 
indicates  the  relative  position  of  the  hills  and  valleys  with  the 
sensors.  The  routes  shown  in  Figure  7.1  were  developed  by  questioning 
analysts  whose  expertise  is  in  air  defense  routing.  Providing  them  with 
the  location  of  the  sensors  and  the  route  end  points  on  a  topographic 
map,  the  routes  A,  B,  and  C  were  chosen.  If  a  direct  route  is  required, 
route  A  is  proposed  since  it  follows  the  valley  floor  and  passes  midway 
between  two  of  the  sensors.  If  the  sensors  are  to  be  avoided,  routes 
B  and  C  are  chosen  since  they  utilize  the  hills  as  masks  and  bypass 
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Figure  7.1.  Terrain  Area  One. 
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the  sensors.  Routes  B  and  C  are  preferred  by  all  the  analysts.  The 
question  of  model  validity  is  whether  or  not  similar  routes  are 
produced  when  the  model  uses  its  decision  logic. 

7.3  Model  Route  Selection 

For  development  and  testing  of  the  model  a  10  by  10  km  area  was 
selected  from  the  35  by  35  km  data  base  that  is  representative  of 
both  relatively  flat  and  hilly  terrain.  In  the  initial  testing,  the 
model  would  form  a  circuit  through  several  nodes  before  returning  to  the 
starting  node.  After  these  first  runs,  decision  logic  was  added  in  the 
form  of  weighting  as  described  in  Chapter  IV.  The  major  piece  of 
information  the  model  considers  that  the  tactician  has  difficulty  in 
assimilating  is  the  LOS  determination.  The  degree  of  visibility  a 
node  has  with  the  sensors  provides  a  basis  upon  which  a  quantitative 
selection  can  be  made. 

To  test  this  hypothesis,  the  model  was  run  with  different  levels 
of  information  available  to  the  decision  logic.  With  only  the 
distance  and  height  of  neighboring  nodes,  the  model  produced  a  very 
irregular  route.  The  model  would  exhaust  the  nodes  in  the  neighbor¬ 
hood  before  leaving  that  innediate  region  for  any  new  points  (Figure  7.2). 

With  the  exposure  value  of  a  node  added  to  the  decision  logic, 
this  second  level  of  information  allowed  the  model  to  produce  a  node  ) 
linkage  which  resembled  a  route  (Figure  7.3).  The  third  level  provided 
data  on  radar  location  and  range  with  which  the  model  was  able  to 
produce  a  route  that  approximates  the  route  an  individual  analyst  would 


select  (Figure  7.4).  In  Figure  7.4  the  radars  are  deployed  in 
the  northern  sector  and  the  route  avoids  them  by  a  southerly  route. 

When  the  destination  is  within  1  km  of  the  current  position  the  final 
terminal  weighting  forces  the  choice  of  the  next  position  to  be  the 
destination  or  an  intermediate  node.  Normal  attacking  procedures 
have  some  distance  from  target  at  which  the  attack  is  conmitted  and 
one  proceeds  directly  towards  the  target.  With  high  speed  aircraft 
(250  m/sec)  this  attack  point  is  3  to  6  km  away  depending  on  the 
type  of  ordnance  being  used.  Stand-off  munitions  exist  that  allow  the 
attacking  aircraft  to  be  20  or  more  km  away  when  releasing  their  ordnance, 
if  the  target  is  heavily  defended. 

The  results  of  the  model  are  a  series  of  linked  points  which 
comprise  a  route.  A  comparison  of  Figure  7.4  with  Figure  7.1  indicates 
that  the  preferred  route  C  is  approached  with  the  radar  avoidance 
weighting.  The  degree  of  match  between  the  model  route  and  the  manual 
route  give  a  visual  indication  of  acceptability. 

7.4  Model  Evaluation 

The  exposure  value  of  each  route  node  point  was  used  as  a  basis 
of  comparison.  Since  the  routes  are  not  of  equal  length,  the  exposure 
of  the  node  links  were  used  to  establish  the  exposure  value  of  a  route. 

The  calculation  of  route  exposure  is  given  below: 


Figure  7.4.  Complete  Informetion  Route. 
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where  D  =  ^  ^i+l  ♦ 


D  =  The  total  length  of  the  route, 

EV(Ni^l)  =  The  exposure  value  of  route  node  i+1 , 

=  The  distance  from  node  i  to  node  i+1, 

EVR  =  The  exposure  value  of  the  route. 

Utilizing  this  relation  the  model  routes  can  be  compared  with 
the  manually  chosen  routes.  The  scenario  for  the  manual  selection 
and  the  model  is  Case  1.  In  Table  7.1  the  route  exposure  values  are 
given  for  the  three  manual  routes  and  the  model  route.  The  preferred 
route  C  and  the  model  route  achieved  an  exposure  value  of  0.844  and  0.888 
respectively. 

The  other  routes  that  were  developed  by  the  model  indicate  that  the 
deployment  of  the  sensors  within  the  terrain  have  a  definite  effect  on 
the  selection  process.  Rough  terrain  with  sensors  deployed  to  cover 
the  low  elevation  corridors  is  the  most  difficult  case  for  the  model 
to  evaluate  and  select  a  minimum  exposure,  minimum  elevation  route  for 
penetrating  the  air  defenses. 

Table  7.1  Route  Exposure  Values 


Route 


Model 


1.582 

1.325 

0.844 

0.888 


CHAPTER  VIII 


CONCLUSIONS  AND  RECOMMENDATIONS 


8.1  Conclusions 

This  research  has  addressed  an  area  of  air  defense  modeling  which 
is  normally  analyzed  visually  with  topographic  maps  and  coverage  dia¬ 
grams  before  any  tactical  gaming  is  performed.  A  significant  problem 
in  analyzing  terrain  from  a  topographic  map  is  perceiving  the  3- 
dimensional  aspects  of  terrain  features.  The  degree  of  visibility  a 
manually  developed  route  will  have  can  only,  at  best,  be  estimated. 

Any  route  selected  is  based  on  the  particular  individual's  ability  to 
be  a  good  tactician.  Using  the  subjective  route  for  air  defense 
modeling  adds  an  unknown  to  the  war  gaming  results. 

The  model  that  has  been  presented  overcomes  the  shortcomings  cited 
above  and  provides  a  minimum-exposure,  minimum-elevation  route.  The 
developed  route  then  serves  as  a  baseline  from  which  other  flight  paths 
can  be  evaluated.  The  model  provides  the  visibility  or  exposure  of  all 
the  high  and  low  elevation  nodes  within  the  area.  These  values  can  be 
used  as  a  reference  for  evaluating  the  visibility  of  specific  areas  of 
the  terrain  in  addition  to  route  identification. 

Terrain  roughness  has  a  marked  effect  in  the  developed  route. 

By  placing  the  radar  sensors  at  key  positions  to  cover  approach  cor¬ 
ridors,  the  model  develops  long  routes  in  searching  for  a  minimum 
exposure  route.  The  long  routes  indicate  the  problem  of  traversing  an 
area  undetected  by  modern  air  defenses.  The  addition  of  more  sensors 
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increases  the  penalty  associated  with  travel  through  an  area  and  also 
increases  the  route  length.  In  the  35  by  35  km  case  the  penalty  value 
increased  from  12783  for  the  three  radar  case  to  95154  for  the  ten 
radar  case.  The  route  nodes  also  varied  from  181  to  466  in  the  ini¬ 
tial  routes. 

8.2  Recommendations  for  Further  Research 

In  testing  this  model  it  became  very  obvious  that  minor  changes 
in  weighting  of  a  single  node  point  would  result  in  an  entirely  dif¬ 
ferent  route.  Further  research  is  needed  into  the  sensitivity  of  the 
weighting  scheme  utilized  in  this  model. 

The  decision  logic  that  is  used  in  this  model  is  by  no  means  the 
only  one  that  should  be  used.  There  needs  to  be  the  ability  to  enter 
check  points  through  which  the  route  must  pass  on  its  way  to  the  desti¬ 
nation.  Along  this  same  line  of  reasoning,  the  model  could  be  modified 
to  evaluate  a  proposed  route  rather  than  find  the  route. 

The  idea  of  limiting  the  next  node  selection  to  a  neighborhood 
about  the  current  position  could  be  expanded  to  other  problems  besides 
air  defense  aircraft  routes.  The  routing  of  oil  and  gas  pipelines  could 
be  analyzed  using  the  model.  The  radar  sites  could  be  a  town  or  built 
up  areas  to  be  avoided.  The  weighting  of  the  height  penalty  could  be 
increased  to  favor  level  terrain. 

Lastly,  the  author  hopes  that  this  research  might  serve  as  a  start 
for  further  effort  into  the  general  problem  of  routing. 
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APPENDIX  A 


ROUTING  PROBLEMS 


Within  this  appendix  are  the  data  tables  for  the  additional 
problem  cases  discussed  in  Chapters.  Each  set  of  tables  is  preceded 
by  a  page  identifying  the  case.  The  tables  for  exposure  values  in 
these  cases  were  not  included  for  the  sake  of  brevity. 


Table  A. 

1 •  Case  2 

-  Node 

Linkage  for  Route 

FftOH 

CASTING 

ncrthug 

TO 

PENALTY 

CASTING 

NORTHING 

31 

7TC 

10150 

30 

26 

1610 

10010 

30 

1610 

10010 

28 

78 

560 

9600 

28 

560 

9800 

35 

2 

1870 

10500 

35 

1870 

10500 

38 

168 

770 

10830 

38 

770 

10830 

85 

1 

70 

11880 

•5 

TO 

11860 

-36 

198 

700 

11200 

-36 

700 

112C0 

-82 

260 

560 

12C80 

-82 

560 

12080 

-52 

231 

560 

13090 

-52 

56  0 

13090 

-8« 

97 

1190 

1216C 

-88 

1I9C 

12160 

86 

lee 

1750 

11860 

*6 

1750 

11860 

-33 

218 

2660 

1092C 

-33 

2660 

1C920 

3? 

358 

2590 

IC29C 

32 

2590 

10290 

-22 

852 

3290 

9280 

-22 

3290 

9280 

29 

185 

2  730 

998C 

29 

2730 

9980 

28 

232 

3710 

96bC 

28 

3710 

9660 

25 

283 

8  760 

9660 

25 

8760 

9660 

33 

226 

3650 

10820 

33 

3850 

10830 

36 

295 

8768 

IG570 

36 

8760 

10570 

37 

280 

5618 

10680 

37 

5810 

10680 

38 

196 

6518 

10760 

38 

6510 

10760 

83 

296 

6560 

11810 

83 

6580 

11810 

52 

276 

6588 

12320 

52 

6580 

12320 

61 

295 

7560 

13230 

61 

756C 

13230 

-86 

252 

8540 

12250 

-86 

8580 

12250 

58 

97 

9360 

12320 

58 

936C 

1232C 

53 

56 

lOOSO 

1232C 

53 

10060 

12320 

63 

71 

1C500 

1337C 

63 

1C50C 

13370 

73 

27 

10500 

18250 

73 

10500 

183*0 

82 

«7 

1C830 

15330 

82 

10830 

15330 

92 

96 

1C290 

16280 

92 

10290 

16280 

96 

265 

9850 

16850 

103 


Table  A. 2.  Case  2  -  Node  Linkage 


NODE  NO.  31  total  LIKKS  T 
X«Y«2  COORDINATt  n,  2«0 


LINKED  TO 

34 

26 

35 

30 

-21 

-23 

-36 

EXPOSURE 

100 

53 

34 

2* 

101 

2«1 

IbO 

WEIGHTED 

101 

106 

70 

2b 

324 

242 

Ibl 

NODE  NO. 

30  total 

LINKS 

9 

X.Y.Z  COORDINATE 

23.  43 

.  260 

linked  TO 

35 

34 

32 

26 

-2  3 

-24 

-34 

-21 

EXPOSURE 

100 

51 

lie 

3b 

350 

280 

34! 

lib 

WEIGHTED 

101 

104 

230 

74 

714 

261 

bB6 

374 

NOOC  NO.  20  total  L!NXS  a 
XtTvZ  COCRClNiTC  e«  A0«  200 

LINKEC  TC  2A  35  -21 

CXPOStRE  00  C  2*0 

WEIGHTED  170  2  516 


NODE  NO.  35  total  LINKS  6 
X«Y*Z  COCRCINATE  21t  *Of  260 
linked  to  3A  *6  -3* 

EXPOSURE  250  37: 

WEIGHTED  :0A  *10  t«2 


-25  -24 
274  213 
‘5C  214 


NODE  NO.  . 34  total  LINKS  3 
XfY*Z  CCOPOINA-E  11*  49t  260 

LINKED  TO  45  -28  -22 

EXPOSURE  3  2*4  16C 

HEICHTCO  I  ?‘5  IBl 


NODE  NO.  45  total  LINKS  3 
XtYiZ  coordinate  1.  54.  20C 

LINKED  TO  55  -2c  -42 

EXPOSURE  226  163  211 

WEIGHTED  *56  :f4  c24 


NODE  NO.  -38  total  LINKS  3 
XcY.Z  CCCRCINATC  10«  Gw.  5lC 
LINKED  TC  44  -AJ  -44 

CxPCSuRE  151  2*9  lb* 

WEIGHTED  304  2b0  332 


NODE  NC.  -42  total  LINKS  N 

X.Y.2  COOPOIMTE  9,  72,  133 

LINKED  TC  55  -44  -52 

EXPOSURE  ?T9  126  23C 

WEIGHTED  200  254  231 


NOOC  NC.  -52  total  LINKS  5 
X.Y.2  CCOROINATC  0,  47.  350 


;  linked  to 

55 

7C 

-54 

-44 

-59 

!  CXPCSUPE 

27C 

31! 

339 

*6 

240 

j  WEIGHTED 

542 

514 

*00 

9* 

*94 

NODE  NO.  -44  total  links  5 
X.YtZ  CCOPCINATC  17,  T4,  330 


LINKED  70 

55 

*6 

50 

-43 

-54 

EXPOSURE 

339 

167 

2:0 

251 

242 

WE16H7C0 

02c 

100 

410 

50* 

486 

Ncoc  NO.  4b  total  links  5 
X.YfZ  COCRCINATr  25*  04.  300 


LINKED  TC 

51 

56 

-34 

-43 

-33 

CKPCSLRE 

250 

206 

306 

360 

213 

NEIGhTCO 

5C2 

534 

614 

722 

214 

NOOC  NC.  -33  total  LINKS 
X.T.2  CCCROINATC  36.  56. 


LINKED  TO 

32 

51 

29 

-36 

-34 

-4  0 

EXPOSURE 

1T6 

395 

177 

•  0* 

361 

335 

WEIGHTED 

354 

792 

356 

61S 

764 

3300 

104 


Table  A. 2.  (cont'd.) 


NOOC  ftO« 

32  total 

LINAS 

5 

XeTtZ  COOADINATC 

37,  AT, 

200 

tlMCD  TO 

29 

•2A 

-3A 

•36 

-22 

Cx»OSUftf 

?2'» 

291 

532 

332 

2?« 

UCI6HTCD 

56A 

666 

666 

A52 

NOOC  NO. 

•22  total 

LINKS 

6 

X«V«Z  CCCOCINATC 

AT,  32, 

290 

LINNCO  TO 

16 

2A 

20 

29 

-2A 

-lA 

CXPCSUNC 

515 

<86 

2  90 

2AA 

<A« 

2A7 

UCICHTCO 

f.5? 

•59 

191 

1A9 

•  •0 

A96 

NOCr  AO. 

29  TC’iL 

LINKS 

X«YtZ  COQPCINATC 

59,  A2, 

263 

LINKCC  TO 

2* 

:6 

19 

-2* 

-3A 

CNPOSUAC 

231 

<■2 

253 

329 

310 

UC1GHTCO 

?!2 

906 

•OP 

660 

311 

NOOC  NC. 

2A  total 

LINKS 

6 

XeY.Z  CC3*0IMTE 

93,  59, 

20  3 

LINACC  t: 

W  1 

2C 

25 

10 

5€ 

-3  • 

CxXOSUNC 

^  »  a 

2t5 

2*2 

30T 

2r9 

•16 

WCIG»-TCr 

•F  ■ 

*52 

<*3 

6U 

z::c 

123* 

ilODC  KO.  TOTii.  LIllKS  A 

x«VtZ  CCC^Clktri  (9,  290 


ltnncc  to 

36 

20 

13 

27 

17 

33 

37 

-aA 

CX^OSLKC 

5C9 

269 

256 

27C 

2*9 

227 

275 

369 

weiGHTCD 

3130 

5*0 

510 

271 

500 

220 

276 

7A0 

NOOt  NC«  53  TCTU  * 

XetfZ  COOPCINATC  55*  2P0 


LINKCC  TO 

AA 

-36 

-35 

CXNCSUOC 

29* 

276 

A16 

303 

ttf  IGHTCO 

295 

2790 

A19 

30A0 

NOCe  KO«  !fr  total  LIAKS  6 

X«T«Z  COOftClHATl  &ft«  290 


LINKCC  TO 

AA 

37 

A7 

27 

-39 

-37 

CyNCSuKC 

•teT 

239 

1  ,T 

l*»f 

AlA 

,  1  • 

6CIGHTCO 

3060 

290 

3360 

35A 

A190 

332 

NCOC  NC«  ST  total  LlAKS  7 
XvYfZ  C03RC1SATC  eSt  280 


LINKCC  TO 

36 

A2 

27 

A3 

26 

-3T 

-39 

CXNOSURC 

197 

363 

299 

3CA 

166 

Aoa 

520 

MCIGHTCD 

196 

S€A 

Aie 

305 

33A 

Acie 

321C 

AlCOe  36  total  LIAKS  i 

X«Vt2  CCCPCIAATC  ^3,  <«,  260 


LINKCC  T7 

A3 

A2 

-3  7 

-29 

-26 

CXNOSURC 

297 

290 

25f 

2*5 

296 

VCIGHTCO 

296 

2910 

2599 

A92 

•16 

WOCC  \0«  AS  total  Limits  > 

XeVeZ  COC-CIAATC  A4«  «!«  293 


LINKCC  T'l 

A2 

92 

-57 

-39 

-A  7 

CXNOSUKC 

311 

277 

262 

29C 

266 

NCISNTCC 

3120 

2‘^8 

526 

2910 

267 

NCCC  NC.  !2  total  LI\KS  8 
XtTtZ  CCCACIKATC  9A,  76e  500 


LINKCC  T9 

60 

62 

A2 

61 

-*5 

-•7 

-90 

-39 

CMPOSURC 

291 

277 

231 

26A 

35A 

535 

3A2 

26P 

MflGHTCC 

56A 

2  78 

A6A 

265 

71C 

336 

SA! 

2690 

NOCC  NO. 

61  total 

LINKS 

9 

XtT«Z  COCA 

ctniTC  1 

CS, 

69,  33C 

LINKCC  TC 

66 

72 

-51 

-50 

-60 

-62 

-AT 

-A5 

-•6 

CYPOSUKC 

359 

227 

3A6 

SAl 

315 

313 

285 

267 

125 

vCiGHTCO 

390 

A56 

69* 

66A 

316 

31A 

572 

576 

252 

105 


Table  A 

.2. (cont'd. ) 

MOCt  ^C. 

*«6  total  LINKS 

6 

K«V«Z  CCCRDUtTC 

122*  75, 

.  330 

LI'KCC  TO 

•  e 

54 

44 

•  4& 

Exi^CSURE 

1A6 

86 

234 

533 

WEIGHTED 

294 

87 

470 

662 

NODE  80« 

54  TOTAL  lIAKS 

6 

XtTfZ  COOROUATE 

124,  78, 

310 

LIRKEC  TO 

52 

♦  8 

50 

•44 

EXPOSURE 

55 

103 

9C 

110 

• 

weighted 

56 

208 

162 

222 

NCCE  NC. 

53  TOTAL  lUkS 

5 

X»T»Z  COORDINATE 

144,  76, 

200 

ir.KEO  TC 

50 

£3 

-4« 

“57 

ExPCSURE 

128 

TO 

lie 

246 

wE  IGHTEC 

ZiB 

71 

222 

247 

NOCC  MC.  63  total  lIKNS  « 
xtr«z  cc:rcuat£  i;:*  ?it 
LI^XEO  TO  73  -57  -bl 

t»POSU«t  26  2*59  281 

MEI6KTEC  2'f  600  26* 

NCCE  fcO.  73  TOTAL  LI8KS  7 

X*T*Z  C03RC1N4TC  I'Cf  V:5»  36C 


73 

-57 

-61 

-55 

“58 

26 

249 

283 

176 

235 

2T 

600 

284 

354 

4T? 

\  LINKEC  t: 

82 

-69 

-61 

-67 

-58 

1  EXPOSURE 

56 

322 

312 

266 

270 

1  WEIChTCC 

) 

57 

323 

626 

534 

542 

[  NCCE  NC. 

82  total  links 

« 

x,T,z  cc:4 

OINATE 

14^,  11 

4,  340 

•  linked  TC 

92 

-77 

-64 

-76 

-67 

1  EXPOSURE 

95 

2C4* 

268 

161 

221 

1  WEIGhTIo 

96 

2C5 

576 

162 

4>44 

node  no. 

92  total  links 

K 

^  *,T,Z  CCOS 

CUiTE 

1*7,  13 

2,  330 

LINKED  TO 

96 

IC3 

•  TT 

“92 

-T6 

;  EAPCSURE 

284 

61 

247 

146 

155 

{  leigntec 

285 

1?6C3 

75  C 

i*Tc: 

46f  CO 

’Trm 


106 


Case  3  -  Area  1,  Route  1,  Sensor  Set  2. 


k 


’4t  ‘r 


I 

-ll 

t9 

39 

31 

34 

S3 

34 

14 

39 

•39 

%7 

44 

%3 

-47 

92 

40 
-41 
-37 

30 

42 
49 
44 
90 
94 

-44 

-95 

53 

43 
73 
82 

93 
ICS 
-92 
-93 
-05 

92 


%9: 

*  i 

•4: 

*  i  .  . 

1 

•  4  • 

i  MC 

«  ♦  •  . 

• 

!M: 

4*  • 

» 

4 

. 

94ir 

If  44t 

• 

451C 

94* : 

^  • 

993C 

003  ( 

<• 

4744 

94»l 

>1 

349C 

H4*C 

4741 

IlUO 

*  f 

392( 

;i5»i 

«4 

4494 

11411 

« ; 

4544 

1  |4|C 

•  «  r 

T24C 

i32»e 

92 

4544 

13330 

to 

5010 

1201C 

-•1 

474C 

11973 

-57 

574C 

11130 

30 

4519 

10740 

42 

5004 

11410 

49 

7910 

11420 

48 

494C 

11420 

90 

!001C 

11760 

54 

9340 

12320 

-46 

8540 

12250 

-55 

9450 

153C0 

93 

10000 

12320 

43 

10500 

1337C 

73 

10500 

1435C 

92 

10*30 

15S3C 

93 

1029C 

U2‘C 

103 

1022C 

17250 

-52 

9600 

17010 

-93 

8050 

17C40 

-65 

720C 

16590 

92 

6370 

16030 

86 

•  •  • 

*44  1 

4i 

»#4  -• 

•  . 

•4 

*  44  : 

* 

*  t 

4%%  4 

•  *  4 

,  ;  •  -  f 

.  .  • 

*  •  »  i 

4  •«  * ; 

• 

4*  14 

•44t 

l  !• 

95  If 

003f 

•< 

4  ^ki 

ff  42 

1  •  ' 

109I 

;64io 

If  ' 

•  ^O 

U13C 

Iff 

1^20 

:i550 

111 

4490 

U410 

4900 

11410 

99 

7240 

12296 

4* 

4541 

13330 

15  » 

•010 

12010 

170 

4  '40 

11970 

IOC 

5740 

11130 

2 

4910 

1C700 

142 

5000 

11*10 

45 

7910 

11620 

3? 

096C 

11620 

50 

16610 

11740 

99 

9300 

12320 

70 

•  540 

12290 

172 

9490 

13300 

46 

20000 

12320 

43 

10500 

13370 

27 

10500 

14350 

34 

1C430 

15S3C 

65 

10390 

162*0 

fc4 

10220 

1722C 

l'»7 

9800 

1701C 

18C 

8050 

17080 

254 

7280 

16590 

157 

6370 

16030 

262 

6090 

15680 

108 


Table  A. 4.  Case  3 


Node  Linkage 


NCDt  NO.  19  TOTAL 
XtVtZ  CCO^CINATC 

linked  tc  n 

CXPCSUPE  ISK 

weUHTEC  310 

NODE  NO.  30  TOTAL 
X«Y«2  CC090INA*e 

linked  to  3? 

cxpcsuPE 

UEI6HTCD  135 


KKS 

7 

37,  5o: 

30 

-23 

-15 

53 

160 

221 

5A 

181 

9*4 

NKS 

7 

42.  2?: 

28 

20 

-29 

91 

123 

109 

92 

298 

3ec 

-6 

-6 

170 

171 

3*2 

399 

-13 

-29 

-21 

173 

123 

103 

396 

129 

208 

-22 

-33 

-39 

196 

190 

179 

299 

191 

180 

NODE  NO.  1 

TOTAL 

LINKS 

9 

X«T«Z  CCCPCINATE 

T. 

3.  ?7C 

linked  tc 

9 

-6 

-6 

-11 

CAPCSUPE 

05 

223 

173 

67 

VEIGhTEO 

86 

229 

179 

60 

NODE  NC.  -11 

TOTAL 

LINKS 

6 

X.Y.Z  C0080INATE 

12.  1 

(t  33r 

linked  to 

19 

9 

19 

-15 

EKPCSURE 

95 

52 

*0 

179 

UElGr*TEO 

96 

106 

91 

175 

l: 

4  :  t 


NODE  NO. 

26  total 

LINKS 

6 

X.Y.Z  CCOKCINATE 

53. 

3£«  280 

LINKED  TC 

5  3 

21 

25 

2C 

36 

-22 

EIPCSU8E 

190 

126 

105 

176 

70 

293 

UEI6HTEC 

191 

2*^9 

106 

359 

71 

968 

NODE  NC. 

36  total 

LINKS 

8 

X,r«2  CCOKCINATE 

€t* 

51.  2EC 

LINKED  TC 

** 

25 

33 

37 

97 

27 

-35 

-37 

EKPCSURE 

732 

I2C 

120 

115 

IT? 

65 

265 

201 

UEIG-TEC 

233 

292 

292 

116 

39S 

132 

266 

202 

NODE  NC. 

37  total 

LINKS 

6 

R«T«Z  CCCPCINATC 

63. 

52.  260 

LINKED  TO 

36 

92 

27 

93 

26 

25 

-37 

-35 

EAr CSURE 

76 

292 

119 

127 

2<. 

62 

269 

199 

HEIGNTEO 

77 

966 

233 

128 

SC 

126 

270 

195 

n:ce  NO. 

26  total 

LINKS 

7 

K.Y.Z  CCCKC 

INATE 

93. 

3St  260 

LINKED  TO 

27 

17 

X? 

-20 

-28 

-29 

-18 

CKPOSURC 

193 

128 

57 

161 

210 

115 

122 

MC16HTED 

199 

258 

116 

369 

211 

116 

296 

NCCC  NC. 

16  total 

LINKS 

9 

XtTtZ  CCORQ 

IRATE 

T9. 

?6t  260 

LINKED  TC 

15 

27 

1  7 

0 

25 

7 

•20 

-12 

-16 

EAPCSURE 

159 

136 

16C 

15S 

?C 

99 

167 

192 

116 

weighted 

310 

137 

161 

302 

91 

190 

18b 

366 

k39 

NOCE  no.  25  TOTAL  LINKS  5 
I.TtZ  CC0R3INATE  66.  35*  260 


LINKED , TO 

21 

IS 

27 

33 

-12 

EXPOSURE 

159 

196 

199 

126 

9  79 

weighted 

310 

296 

150 

127 

950 

NODE  NO. 

33  total 

LINKS 

3 

X.T.Z  CCOKCINATE 

9S.  *9 

.  28C 

LINKED  TC 

99 

-36 

-35 

EXPOSURE 

75 

255 

106 

HEXGHTCC 

152 

256 

107 

NODE  NO. 

-35  total 

LINKS 

5 

X.T.Z  COOPOINATE 

66 1  59 

.  290 

LINKED  TO 

99 

97 

-91 

-37 

-39 

EXPOSURE 

175 

ICI 

215 

no 

176 

WEIGn^CC 

176 

107 

216 

111 

359 

no 


Table  A. 4.  (cont'd) 


KC.  5C  total  LP.KS  6 
K«YtZ  COOftClNATC  l«3f  6A,  3CC 


LINKCC  TO 

55 

AC 

5A 

•Ap 

-31 

-32 

CkPCSUXC 

100 

90 

9P 

132 

135 

96 

VCIOhTEC 

101 

102 

A9 

133 

272 

A  S'* 

NODE  KC. 

5A  total 

LINNS 

5 

IfTtZ  CCOOOINATE  13A»  T6« 

310 

linke:  ’0 

53 

-AP 

-Afe 

-55 

-57 

CXPOSUKE 

■  K 

110 

69 

169 

UP 

kUCHTEC 

112 

222 

70 

170 

169 

MCOC  NO.  •Afc  total  linns  A 
XfTtZ  CCORCINATE  122.  75«  330 


LINKEC  to  61 

-A* 

-51 

-55 

E/PCSL«t  91 

12A 

219 

171 

oriGhTEC  920 

250 

2200 

172 

NOOE  NC.  -55  total 

LINNS 

6 

X«Yf2  ccorcinate 

135,  5C 

,  37C 

LINKED  TO  69 

63 

5  3 

73 

-57 

-58 

ENPCSUXt  1P3 

1C2 

32 

59 

258 

272 

WEIGHTED  15A0 

2C6 

66 

120 

5ie 

273 

Kcoe  Nc«  53  total 

LINNS 

3 

XfYfZ  CCORCINATE 

lAA,  76 

•  3C0 

LINKEC  TO  63 

-A6 

-57 

EXPCScRE  61 

130 

186 

UEIGHTEC  62 

ICl 

107 

NCOE  NC.  63  total 

L  INKS 

4 

X«YtZ  CCORCINATE 

150,  91 

,  360 

linked  to  73 

-57 

-61 

-58 

EXPOSURE  26 

2*2 

157 

17C 

WE16HTEC  27 

2A3 

316 

3a2 

NOCE  NO*  73  total 

LINKS 

6 

XeYtZ  coordinate 

1 

50,  105 

•  363 

linked  to  62 

-69 

-61 

-67 

-56 

-57 

EXPCSUXE  35 

3A6 

181 

262 

171 

151 

WEIGHTEO  36 

69P 

182 

2630 

172 

152 

NOCE  NO.  62  total 

LINNS 

c 

X»Y,2  COORDINATE 

1A9,  119 

,  3aq 

linked  to  9H 

-77 

-69 

-76 

-67 

EXPOSURE  6A 

211 

31^ 

IN* 

2*2 

WEIGHTEC  65 

212 

315 

166 

2A3 

NOCE  NO.  93  total 

LINNS 

4 

x,T,z  coordinate 

1 

AT,  132 

,  330 

LINKED  TO  103 

-77 

-92 

-76 

EXPCSLRE  31 

2&C 

16C 

183 

WEIGHTEO  6<» 

562 

161 

18A0 

NOCE  NO.  133  total 

LINKS 

6 

x«t«2  coordinate 

1 

A6,  1A6 

f  32C 

LINKEC  TO  9C 

63 

-92 

-87 

-77 

-76 

CXPCSUXE  115 

c  « 

176 

2A6 

22A 

215 

WEIGHTEO  1166 

*60 

177 

A9A 

225 

2160 

-61 

ue 

3!e 


-Ai 

A9 

100 


ncdc  NC«  -92  total  links  7 

X«T«2  COQADINATE  1A8*  lA3t  ISO 


linked  to 

90 

63 

8fi 

-«7 

-77 

-76 

-•3 

EXPOSURE 

1*3 

100 

16* 

29* 

25C 

238 

179 

WEIGHTEO 

l*A0 

1010 

.650 

592 

251 

2390 

180 

NOCC  NO.  -93  total  lINKS  a 
XtVtZ  COCACINATE  115*  lAA,  330 


IINKEE  TO 

9C 

-85 

-87 

-81 

EXPOSURE 

125 

253 

32A 

162 

WEIGHTEC 

1260 

25* 

65C 

326 

NGCC  NO. 

-85  70TAL  LINKS 

3 

XfTtZ  COCACINATt 

ICAf  12 

7,  530 

LINKEC  TO 

88 

92 

•81 

EXPOSURE 

296 

156 

358 

weighted 

2970 

157 

359C 

NCOE  NC. 

92  ICTA 

L  LINKS 

8 

XfTfZ  COCA 

CINA^t 

91,  129,  300 

LINKEC  TC 

91 

86 

99 

80 

-81 

-78 

•90 

-75 

EXPCSORC 

253 

?8l 

96 

2C8 

315 

255 

196 

239 

WEIGHTEO 

762 

282 

*8500 

62T0C 

15600C 

25600 

597CC 

2*000 

Area  1,  Route  2,  Sensor  Set  2. 


I 


112 


Table  A. 

.5.  Case  4 

-  Node 

Linkage 

for  Route 

FROM 

CASTING 

NCRThING 

TC 

pcnalty 

CASTING 

northing 

31 

770 

10150 

35 

164 

1470 

1C500 

35 

1470 

105C0 

-24 

165 

2450 

9590 

-2<» 

2450 

9550 

-22 

177 

3290 

9240 

-22 

329C 

9240 

32 

145 

2590 

1C290 

32 

2590 

10290 

30 

220 

1610 

ICOIO 

30 

1610 

10010 

26 

23C 

560 

9600 

26 

560 

9600  * 

34 

165 

770 

10430 

34 

770 

10430 

45 

34 

70 

11460 

45 

70 

1146C 

55 

205 

560 

12390 

?5 

560 

12390 

-33 

153 

2660 

10920 

-33 

2660 

10920 

51 

337 

2660 

11760 

51 

2660 

1276C 

57 

196 

2940 

1267C 

57 

2940 

12670 

67 

192 

3650 

13650 

67 

3650 

13650 

76 

334 

3920 

14420 

76 

3920 

14420 

-73 

3C2 

4550 

15120 

-73 

4550 

15120 

-78 

261 

5390 

15890 

-78 

5390 

15fl«>0 

-90 

261 

5390 

16660 

-90 

5390 

16660 

89 

32  0 

6370 

16030 

69 

6370 

16030 

99 

270 

5810 

17C10 

99 

5610 

17010 

91 

604 

6020 

16030 

91 

6020 

1603C 

94 

566 

5250 

16450 

94 

5250 

16450 

1C4 

126 

4760 

17290 

104 

4760 

17290 

1C2 

2 

3710 

1722C 

102 

3710 

17220 

100 

2 

2660 

17080 

ICO 

2660 

17G80 

93 

14 

1610 

164*0 

93 

1610 

16450 

64 

2 

1120 

15*00 

64 

1120 

15400 

65 

101 

1120 

15540 

65 

1120 

15540 

97 

32 

980 

16590 

97 

96C 

16590 

86 

2C2 

770 

1589C 

66 

770 

15690 

98 

1 

1750 

16870 

96 

1750 

16870 

61 

46 

490 

15190 

61 

A90 

1519C 

95 

29 

2240 

1645C 

95 

2240 

16490 

-66 

177 

3C80 

1659C 

-86 

3060 

16590 

-68 

296 

3450 

1659C 

-96 

3430 

16590 

-69 

167 

4480 

16660 

-89 

4460 

66660 

87 

340 

3990 

15960 

67 

3990 

15960 

-65 

29C 

4270 

14350 

-65 

4270 

143*0 

-56 

406 

3290 

13300 

-96 

3290 

133C0 

-63 

274 

3290 

14260 

-63 

3290 

14260 

-74 

274 

3430 

15120 

-74 

343C 

15120 

-82 

3C9 

3360 

16030 

-62 

3360 

16030 

-59 

462 

1540 

13930 

-59 

1540 

13930 

-71 

284 

1750 

14910 

-71 

1750 

14910 

-53 

240 

2310 

13160 

-53 

2310 

13160 

-43 

302 

2240 

12180 

-43 

224C 

12160 

46 

374 

1750 

11460 

46 

1750 

11460 

56 

200 

2100 

12390 

56 

2100 

12390 

64 

234 

2100 

13370 

64 

2100 

13370 

75 

219 

3150 

14*20 

75 

3150 

14420 

-72 

490 

2450 

15C50 

-72 

2450 

15050 

65 

2^f 

5080 

13510 

65 

3060 

13510 

-64 

494 

2240 

14260 

-64 

2240 

14260 

-63 

274 

2870 

16100 

-63 

2670 

16100 

101 

98 

6720 

17150 

101 

6720 

17150 

-93 

307 

8050 

17080 

-93 

8050 

17060 

-67 

325 

8890 

16590 

-67 

8890 

16590 

96 

540 

9450 

16450 

Table  A 

.6.  Case  4 

- 

Node  Linkage 

NODE  NC* 

31  TOTAL 

LINKS 

7 

XfTt2  CCCCIMATE 

Ilf 

45 

*  2PC 

LI^KEC  TC 

3N 

28 

3* 

3C 

-21 

EkPCSbRE 

201 

158 

81 

1  19 

139 

VEICHTCD 

202 

318 

UK 

240 

280 

mODE  MC. 

35  TOTAL 

LINKS 

8 

CCOPOINiTE 

2  1  • 

50 

•  280 

LIM<CO  TO 

30 

34 

46 

28 

-34 

EJIPCSUHE 

IS3 

178 

237 

98 

282 

UElOr^TED 

388 

358 

238 

199 

263 

NCDE  KO* 

-24  TOTAL 

L  1  NKS 

7 

K«T,Z  CCORCINMC 

35. 

37 

«  290 

LINKED  TO 

24 

32 

18 

3r 

19 

E>P0SUP£ 

243 

195 

178 

133 

201 

«:I5hTEC 

.88 

196 

358 

2oe 

404 

n:de  *iCm 

-22  total 

LINKS 

6 

X«TtZ  COO^OlKiATC 

47, 

32  ,  293 

L1I^«EC  TO 

If 

24 

20 

29 

32 

lXPCSUPE 

.53 

211 

171 

190 

144 

MEKhTtO 

508 

424 

172 

191 

145 

Nccr  Nc» 

32  total 

LINKS 

C 

XtT«Z  COOPCINirC 

37, 

47 

f  280 

LUREC  TC 

2S 

30 

-33 

-34 

-36 

EXPOSURE 

.-*3 

109 

314 

249 

266 

ME  IGhTCC 

-38 

220 

315 

500 

534 

NODE  NC* 

30  total 

L  INKS 

6 

i*T.Z  CCCR0IN4TE 

23, 

*3 

«  233 

LINKED  TO 

34 

28 

-23 

-3* 

-21 

EkPCSuRE 

■  *  7 

114 

303 

275 

167 

MEI6PTC0 

!16 

230 

608 

276 

336 

NOCC  NO. 

29  total 

LINKS 

3 

X«Tt2  COORCINXTE 

8* 

•C 

t  2  80 

lime:  TC 

34 

-21 

-25 

CKPOSL'PC 

184 

236 

203 

VEIOHTCD 

185 

474 

204 

NOCC  NC. 

34  TOTAL 

LINKS 

3 

XtTtZ  CCOPCINATt 

Ilf 

4? 

f  283 

linkcc  to 

45 

-  38 

-23 

exPCSLPE 

33 

297 

119 

VE16HTED 

34 

298 

120 

NOOC  KC. 

4«  TOTAL 

LINKS 

f 

R«r«Z  COORDINATE 

1  f 

64 

f  3CC 

linkcc  to 

55 

-38 

-42 

EXPOSURE 

204 

2C6 

255 

UEIChTEC 

205 

2C7 

256 

NDCE  NC. 

55  TOTAL 

links 

U 

X.TtZ  COCROINXTC 

9* 

77 

f  340 

LINKCC  TO 

70 

*6 

5t 

6* 

51 

LINNCC  TO 

-43 

-59 

-55 

-34 

-64 

CXPCStRC 

254 

192 

213 

2*f 

X'ft 

CXPCSURC 

209 

263 

242 

165 

247 

VCICHTEO 

255 

183 

428 

241 

354 

MEICNTCD 

42  0 

264 

486 

164 

248 

NOCC  NO. 

-33  total 

LINKS 

6 

XtY«Z  COOROlNiTE 

'  8  f 

56 

•  3QC 

LINKCC  TO 

51 

29 

46 

-36 

-34 

EXPOSURE 

336 

201 

274 

366 

323 

mexghteo 

337 

4C4 

55C 

367 

648 

NODE  NC. 

51  TOTAL 

LINKS 

7 

XfTtZ  CCOROINATE 

38f 

•>4 

f  300 

LINKCC  TO 

56 

46 

57 

-43 

-40 

CvPCSURC 

288 

162 

197 

341 

216 

E  IOpTEO 

578 

326 

19e 

6e4 

434 

114 


Table  A. 6.  (cont'd.) 


NCOE  NC* 

■7  total 

LIARS  9 

X«Yt2  COORCINATE 

42*  81*  300 

LINREO  TO 

59 

85  58 

64 

87 

-58 

-53 

-43 

-40 

EXPOSURE 

279 

284  253 

284 

191 

310 

338 

281 

237 

WtlGHTEO 

58C 

28?  508 

570 

192 

311 

8*’e 

524 

238 

KOOE  K‘C« 

87  total 

LINKS  9 

X,Y,Z  CCCRCINATE 

55*  95*  30C 

LIMKEC  TC 

78 

65  59 

88 

75 

58 

-58 

-85 

-63 

EXPOSURE 

333 

28*  258 

257 

300 

213 

310 

334 

339 

UEIGHTEO 

334 

S-PC  514 

518 

602 

428 

622 

535 

880 

NODE  NC« 

78  total 

LINRS  7 

X,Y*Z  COORDINATE 

56*  108*  320 

linked  to 

75 

88  85 

-85 

-83 

-74 

-73 

EXPOSURE 

298 

22?  197 

345 

314 

310 

301 

WEIGHTED 

*94 

2290  398 

892 

63C 

622 

302 

NODE  NO* 

-73  total 

LIARS  8 

X,T,Z  CCQRCtNATE 

85*  118*  330 

LZNREC  TC 

77 

87  -85 

-75 

-80 

-78 

' 

EXPOSURE 

3C8 

307  381 

382 

389 

280 

WEIGHTED 

3070 

818  ’24 

728 

370 

281 

NODE  P^C.  *78  total  LIKKS  T 
XfYf?  C00«01NAT£  77«  127,  i2Z 


LINKED  TO 

94 

91 

89 

-75 

-80 

-90 

-89 

EXPOSURE 

314 

29C 

192 

363 

359 

280 

282 

WEIGHTED 

830 

582 

388 

728 

720 

281 

528 

NODE  NC. 

-*0  TOTAL 

LINKS 

4 

X«T«Z  CCORCINATE 

77*  136 

»  310 

LINKED  TO 

91 

89 

-89 

-80 

EXPCSURE 

301 

159 

355 

343 

WEIGHTED 

604 

320 

712 

686 

NODE  NO.  ' 

P9  total 

LINKS 

8 

X*T*Z  CCORCINATE 

91*  129 

•  300 

LINKED  TO 

91 

99 

4C 

-81 

-85 

*’? 

EXPOSURE 

301 

134 

2CS 

383 

268 

295 

WEIGHTED 

804 

2’0 

2100 

364C 

289 

588 

MCOC  KO.  S9  total  LIAkS  2 
X«T,2  CCO^CINATC  S!*  l«2t  30C 

LIPitCD  TC  91  -8* 

ClPOSUXC  301  «99 

vcightcc  904  99;c 

NCOC  NC*  91  total  LIKKS  2 
XtT,;  C0090I\ArE  86*  129<  300 

LI9KEC  TO  94  -79 

CXPCSuGC  ?i2  298 

liEUHTEC  *88  598 

MODE  8C*  94  total  LlAKS  3 

X«T«;  CCOAOIKATE  75t  13Sf  310 

lzkkeo  to  ;o4  -£C 

Ca^OSURE  8!  379  339 

UCIGHTEC  128  '’CO  88C 

NCCE  HC»  104  total  LINKS  2 
l«T«2  COORCINATC  147,  ICC 

LIRKEC  T3  102  -89 

EXPOSURE  0  382 

VEIGhTCO  2  728 


MODE  NO*  102  total  LIARS  * 
XtT,2  CCQROINATE  *3«  1*8*  30C 


LINKED  TO 

100 

-88 

-8t 

-89 

EXPOSURE 

0 

345 

19? 

288 

weighted 

2 

892 

392 

538 

115 


Table  A=6. (cont'd. ) 


total 

LINKS 

7 

!Tt 

3S,  1*4, 

300 

95 

90 

93 

-86 

-88 

-03 

-82 

IDl 

53 

6 

230 

263 

209 

253 

204 

108 

14 

462 

560 

285 

506 

total 

LINKS 

0 

tTE 

23*  135* 

3C0 

90 

95 

97 

86 

85 

89 

-79 

100 

93 

Tl 

20 

17 

0 

297 

101 

180 

144 

42 

36 

2 

290 

total 

LINKS 

7 

re 

16*  120* 

3C0 

05 

66 

81 

-71 

-79 

-68 

-04 

103 

58 

52 

233 

216 

186 

177 

101 

116 

106 

466 

217 

3-'4 

356 

total 

LINKS 

7 

>TE 

16*  122, 

300 

66 

81 

97 

-79 

-71 

-66 

-8* 

::o 

66 

15 

234 

2  3  3 

IbS 

171 

2C2 

1  34 

3? 

235 

-66 

3*0 

356 

LINKED  TO 

EXPCSURC 

WEXSHTEC 


LINKED  TO 

EXPOSURE 

UCIGHTEC 


linked  to 

EXPCSURC 

UCICPTEO 


LINKCC  TO  it  Bl 

EXPCSURC  ::o 

•  EIG^-TEC  iC?  !;• 

NCCi  P;C*  RT  ^CTal  lI'.kS 
X*lf,z  CCC«:iNA’E  i^T, 

lin'ET  t:  an  -cp 

EXPOSURE  130  227 

WEICHTEO  ?C2 


NODE  NO*  06  total  LIKkS  4 
X,Y«2  CCCRCINATE  11*  127*  SCO 

LINKED  TC  61  98  -a* 

EXPOSURE  SC  0  277 

MCICkTEC  182  1  S56 

NODE  NO*  S0  total  links  11 
X«V«2  CC06CINA7C  2««  141,  203 

LINKCC  *10  i\  -03 

LINKCC  TC  -74 

EXPOSURE  22  208  2*C 

EXPCSURC  219 

tfCICPTCC  48  267  562 

VCICHTCC  44C 

NCCE  NC*  01  total  links  14 
X*Y*2  CCOPriNATE  7.  117*  >0C 

LINKCC  TO  70  SS  64 

LINKC:  TO  -64  -54  -52 

EXPOSURE  232  20  191 

EXPOSURE  242  213  195 

MEIGHTEC  *66  29  192 

WEIGhTCC  486  214  392 

NODE  NO.  9S  total  LINKS  15 
XtYtZ  COCXCINATE  32*  135*  313 

LINKED  TO  0*»  ’5  -’9 

LINKCC  TO  -74  -91  -34 

EXPOSURE  235  217  273 

EXPOSURE  252  2C5  212 

UEIGNTCO  472  210  540 

HEIGPTEC  506  412  426 

NODE  NO*  -06  total  links  4 
X«Y«2  CCORClNAtE  44,  137*  340 

LINKEC  TO  07  -«e  -83 

EXPOSURE  169  295  315 

NEIGhTEC  340  296  632 


LINKEC  TO 

EXPOSURE 

NEIGMTCO 


LXNRE:  TC 

EXPCSURC 

VCIGfTCC 


51 

-74 

-*»9 

-83 

-06 

-91 

-88 

-89 

-02 

-’2 

-71 

22 

219 

206 

2*0 

175 

23C 

297 

229 

261 

292 

225 

46 

44C 

267 

562 

352 

462 

996 

950 

522 

243 

226 

70 

95 

64 

-66 

-09 

-71 

-79 

-59 

-91 

-72 

-64 

-54 

-52 

-53 

232 

28 

191 

261 

261 

259 

230 

242 

213 

2*1 

242 

213 

195 

182 

*66 

29 

192 

262 

524 

520 

239 

243 

420 

484 

486 

214 

392 

163 

0*» 

7K 

-■'9 

-83 

-86 

-6? 

-88 

-99 

-’2 

-"'I 

-74 

-91 

-a* 

-68 

-65 

235 

217 

273 

290 

176 

281 

257 

133 

263 

238 

252 

2C5 

212 

171 

197 

472 

218 

540 

582 

277 

564 

250 

268 

269 

978 

506 

412 

426 

34* 

396 

87 

-«e 

-S3 

-02 

169 

295 

315 

314 

340 

296 

632 

630 

total 

LINKS 

• 

99*  137* 

3*0 

87 

-02 

-83 

-09 

212 

351 

302 

166 

926 

7C9 

606 

167 

TOTAL 

LINKS 

2 

ITC 

64*  1  36* 

330 

6T 

•80 

16  9 

203 

S90 

568 

116 


Table  A. 6.  (cont'd.) 


NCOC  NC*  OT 

total 

LINKS 

14 

K.V«:  COOKOINATC 

57*  120 

*  330 

LINKCC  TO 

79 

77 

76 

71 

LIK<1?  TO 

-72 

-63 

-79 

*64 

CxPCSlKC 

27G 

2*7 

247 

234 

CXPCSUKC 

Z«l 

277 

254 

242 

VCIGhTCD 

554 

25f0 

496 

2350 

WCICHTCD 

5*4 

95b 

910 

92b 

NODE  \0«  -(S 

total 

LINKS 

9 

X«y«2  COOKCINATC 

bit  105 

«  32C 

LIMKCC  TO 

60 

yy 

-6! 

-7* 

EXPCSURC 

314 

3C4 

318 

313 

VeiGHTEO 

3190 

610 

636 

428 

MODE  %C.  -S6 

total 

LINKS 

5 

r,t*2  COO®OIAJATE 

47*  90 

t  310 

linket  to 

59 

-63 

-55 

EXPCSUPE 

242 

259 

2T3 

252 

rfciG»-Teo 

SPG 

519 

274 

50b 

NODE  NO.  -GS 

total 

LINKS 

5 

X«T«Z  COOACIAIATE 

47,  104 

«  330 

LINKEC  TO 

7« 

b5 

-74 

-44 

EXPCSLKC 

3U 

209 

2T3 

255 

VEXChTEO 

G3S 

420 

274 

512 

NODE  \C.  -T* 

total 

LINKS 

4 

X«T«Z  CCCflCINATE 

49,  lib 

«  34  0 

LINKCJ  TO 

79 

-62 

-72 

-63 

EKPCSUPE 

2G9 

106 

291 

239 

UEIGt'TEO 

540 

309 

964 

480 

MODE  NO.  -fZ 

total 

LINKS 

IS 

X«reZ  COOXOIVATE 

46,  129 

,  355 

linked  TO 

75 

77 

-63 

-8C 

EXPCSVKE 

;79 

233 

3»2 

305 

klIGHTED 

5G0 

2340 

446 

412 

NCOC  %C.  -S9 

total 

LINKS 

9 

X«V«Z  CC3PCINATE 

22*  99 

•  35t 

LlNRCC  TO 

*4 

TO 

-5* 

-44 

ExPCSUKC 

Z4G 

2b2 

32: 

343 

UEXGhTEC 

*94 

524 

442 

34* 

NODE  NC.  -Ti 

total 

LINKS 

19 

X.tfZ  CC0N31NKTE 

25*  i:? 

•  350 

ilNRC:  TO 

79 

64 

70 

45 

LINKEC  TO 

-54 

-95 

-6* 

-52 

ClPOStKE 

zn 

249 

226 

226 

OPOSUNC 

237 

239 

2U 

202 

KEIGPTCO 

■44 

24b 

496 

499 

NEtGPTCC 

47G 

2*0 

434 

4Cb 

Nocr  NO.  -93 

TOT  Ai 

LINKS 

X«Te2  CCCNCINA1C 

33*  94 

•  330 

LINKED  TO 

G4 

54 

49 

•43 

EXPOSVKC 

343 

174 

192 

150 

HE IGmTEC 

■ft 

35C 

306 

302 

NCOC  KC*  total  links  • 

X«T«7  CC3«OIM*C  !2«  T4«  310 


LIKKCC  TC 

54 

4b 

-*4 

-94 

EXPOSUKC 

247 

184 

217 

222 

VEIGHTEC 

534 

3  74 

434 

444 

user  NC, 

4«  total 

LINKS 

* 

X*7*Z  CCC4CINATE 

25* 

4*t  500 

LtNKCC  TC 

94 

-34 

•*« 

-39 

CaPOSUKE 

199 

234 

293 

139 

aEXGHTCC 

200 

470 

508 

279 

NOOE  NC. 

5b  total 

LINKS 

, 

1,7*2  COOKCtNATE 

30* 

77*  *510 

LINKED  TO 

44 

-44 

-54 

ElPOSUKC 

233 

223 

220 

MEIGhTEO 

234 

446 

442 

-92 

-80 

-74 

•83 

-75 

-45 

15  5 

330 

330 

319 

303 

289 

706 

478 

462 

440 

409 

290 

-«6 

203 

406 

-44 

246 

494 

-72 

244 

490 

-72 

-79 

-71 

-44 

-75 

-59 

506 

279 

265 

277 

*75 

230 

616 

540 

532 

996 

546 

442 

-71 

•48 

•53 

-52 

263 

244 

195 

203 

584 

490 

366 

4C6 

59 

-91 

-72 

-44 

-79 

-40 

-63 

189 

181 

309 

334 

273 

245 

243 

566 

344 

420 

414 

274 

492 

244 

Table  A. 6.  (cont'd. ) 


NOCE  64  TOTAL  L1A4S  « 

X»rfZ  COORCINATE  2Cv  91*  3SC 


LINKCC  TO 

65 

75 

•54 

-64 

ENPOSUAE 

c6fl 

216 

3?2 

345 

UCIGHTEO 

219 

646 

34« 

NODE  NC. 

75  TOTAL 

LINNS 

3 

XO*!  COO^DIKATE 

45,  U6 

•  III 

LINKEC  TO 

65 

-64 

-72 

EXPCSURE 

273 

318 

244 

weiC^'TEO 

546 

638 

49: 

NODE  NO* 

-72  total  ltnns 

f 

x,v,2  Coo«CI9:te 

35,  11 

t,  350 

linkCc  to 

65 

7  * 

-6*» 

-79 

-?3 

-6< 

EXPCSLPt 

228 

229 

345 

311 

324 

24^ 

y*:iG«7Ec 

229 

46C 

692 

624 

325 

49J 

NODE  NC. 

65  TOTAL  LINNS 

2 

K,V,Z  COQRCINATC 

♦4,  9 

7,  31 0 

linnCC  To 

•9 

-64 

EXPOSURE 

289 

246 

bElGnTEC 

580 

494 

NODE  NC. 

-64  TOTAL  LINKS 

9 

xtT,;  cccrcinatl 

3?.  104,  *50 

H9«fC  TC 

TO 

59 

-54 

-69 

-79 

-e 

ExPCSiaE 

250 

244 

286 

257 

274 

27 

ytio»*Teo 

5C2 

<*90 

57«r 

516 

275 

27 

modi  no. 

-83  TOTAL  LINKS 

28 

X»Tt2  coordinate 

41,  13C,  35C 

LlNNCC  TO 

77 

68 

70 

76 

5* 

7 

LlNf'EC  TO 

60 

62 

52 

-74 

-90 

-9' 

LlNNtn  TO 

-54 

-52 

-40 

•  44 

-41 

-4; 

CXPCSURE 

275 

286 

216 

269 

233 

27 

t»PC5URC 

184 

183 

167 

286 

301 

15 

CXPCSuPE 

232 

204 

206 

164 

226 

15l 

VEICkTCO 

2740 

2670 

434 

540 

234 

2721 

WEIGHTED 

185  0 

1840 

1680 

574 

604 

311 

WEIGHTED 

466 

410 

207 

370 

454 

311 

NCOE  NC. 

101  total  links 

8 

XfY,Z  CCOROlNAtt 

96,  145«  SCO 

LlNNEO  To 

88 

*0 

83 

-65 

-81 

-93 

EXPOSURE 

2C6 

271 

259 

346 

3  76 

301 

^cighteo 

30TC 

2720 

2600 

994 

3’70 

301 

Note  NC. 

-93  total  links 

4 

X%T«Z  COORCIHATt 

115,  144,  350 

LINNCC  TO 

70 

-85 

-97 

•61 

EXPOSURE 

194 

255 

32* 

218 

•tlGHltO 

is5a 

512 

325 

422 

NCtE  NC. 

-#7  total  links 

6 

RfTtZ  coordinate 

12T«  I3T«  3*0 

tJNNCD  TO 

96 

90 

20 

•92 

-79 

-77 

CRPOSUNC 

559 

053 

193 

111 

230 

269 

WEIGnTCO 

540 

126500  91900  17300 

99300 

21000 

119 


Table  A. 7.  Case  5  -  Node  Linkage  for  Route 


FROf* 

EASTING 

northing 

TO 

PENALTY 

EASTING 

NORTHING 

3 

?62C 

7260 

9 

1 

4870 

7630 

9 

467G 

7630 

13 

1 

4450 

8470 

15 

445C 

6470 

7 

50 

5290 

763C 

7 

525C 

7630 

-2 

4C 

4240 

7280 

-2 

4240 

7260 

11 

202 

4100 

798  0 

1 1 

4103 

7960 

31 

17 

2560 

9670 

31 

2«6C 

98^0 

3*^ 

2 

34''0 

10640 

?7 

347C 

1C640 

32 

37 

4240 

10080 

32 

4240 

lOOSO 

36 

52 

5290 

10640 

?b 

^290 

IC640 

35 

160 

4730 

1C430 

1  c 

475C 

1C430 

46 

54 

5500 

11270 

46 

^5CC 

11270 

36 

105 

6340 

10710 

36 

634C 

10710 

33 

36 

5500 

10150 

33 

55C  C 

10150 

-21 

56 

5C10 

91C0 

-21 

5C1C 

91C0 

12 

34 

5430 

8190 

12 

543c 

6190 

22 

38 

5570 

9170 

72 

'S7C 

=  170 

26 

9S 

361C 

9660 

26 

361C 

9660 

19 

60 

4100 

9100 

19 

41C0 

9100 

-23 

72 

3120 

9240 

-23 

312C 

9240 

23 

1 

4170 

9240 

23 

4170 

9240 

42 

34 

2960 

11060 

42 

296C 

1106C 

34 

64 

2280 

10360 

34 

726: 

10360 

56 

=  6 

263C 

12320 

t6 

2630 

12320 

50 

29 

3260 

11550 

326C 

11550 

57 

116 

3690 

12390 

“7 

3690 

12390 

-62 

2 

2640 

13090 

-62 

2640 

13090 

70 

166 

221c 

14000 

70 

2210 

14000 

62 

66 

2560 

14510 

62 

2  =  4  C 

1491D 

-76 

236 

2910 

144^0 

-76 

291C 

14420 

-71 

492 

2700 

13720 

-71 

27CC 

1372C 

-52 

62 

466C 

11830 

-■^2 

466C 

11830 

45 

62 

5150 

11270 

45 

5150 

11270 

65 

IC 

7180 

13230 

65 

7160 

13230 

71 

2C 

6C20 

14140 

’^l 

6C2C 

14140 

79 

6f 

6''90 

14  =  60 

7q 

6790 

14560 

61 

1?C 

9560 

14  770 

i 1 1 1'l  I  iif  I- 


Table  A. 8,  (cont'd. ) 


\rcr  ric* 

.T8  TOTAL 

L  lAKS 

a 

■  •Yf^  CCOfiCl^AU 

42. 

53«  340 

LlNKCC  TO 

47 

33 

27 

-39 

EYFrst«iC 

IP* 

1  7 

24S 

232 

wi  l&HTTO 

i92 

34 

494 

4b6 

K-CC  NC. 

33  total 

LINKS 

8 

»*Y,Z  CC080I'^*TC 

‘Of 

45 

f  330 

LiMtr.  r  10 

?? 

-27 

-32 

-24 

E>FCSU?t 

•  9 

337 

291 

287 

bF  IOhTCD 

1  PO 

*■  Tf» 

292 

5  76 

\?ce  %o. 

-21  total 

LINKS 

6 

>iiY*Z  coca 

OISATE 

43. 

30 

«  330 

LlN'Cf  TC 

22 

23 

19 

12 

r  itOf  ctPf 

i*P 

48 

19 

It 

b  E I  r  H  u  c 

'  S9 

•^P 

4C 

34 

\^LE  ?:C, 

12  TCTAl 

LINKS 

4 

Y*Y,2  CCORO|N*Tf 

49. 

17 

•  300 

Lir.KCO  TO 

2? 

-12 

-10 

-20 

E rcoSUFC 

18 

315 

30H 

227 

b».  IGMTEO 

38 

31  S 

309 

454 

\'.U  '.C. 

22  total 

L  inks 

23 

»  *T*Z  COORGINA’E 

91  • 

31 

*  33Q 

LI^^KE:  TO 

27 

15 

23 

19 

iiu*z:  TO 

-2f 

-1  ? 

-32 

-10 

L :  • » c  c  ^0 

1 

-40 

-36 

E?Fcso=  r 

30T 

?4T 

74 

5* 

£i*p:su‘-c 

314 

290 

30  1 

278 

189 

1  74 

260 

bf  IC-hTE  c 

308 

28  8 

15  C 

lie 

bt  IGHTec 

633 

582 

4C4 

558 

Wf  ICHTCC 

T90 

1  “'S 

261C 

Kt'Zl  VC* 

29  total 

LINKS 

9 

htV.Z  COORriNATC 

23. 

36 

•  300 

LJfiKCr  TO 

23 

19 

18 

-23 

t  xtcsufcc 

125 

59 

95 

195 

bLICHTCn 

126 

60 

192 

392 

NCOE  sc. 

19  total 

LINKS 

• 

IfYtZ  CCOROINATC 

SO. 

30 

•  290 

LIS«£r  TO 

23 

-24 

-23 

-15 

Ef PCStRC 

ICC 

240 

35 

39 

WCIGhTEC 

2C2 

522 

72 

8C 

sccc  sc. 

-23  total 

L  iSKS 

X.Y«2  C008QU8TC 

16t 

32 

t  310 

l:**£c  to 

18 

23 

-24 

-13 

C>PrSL8C 

•  19 

2 

15* 

1 1 

bf  lO^’TEC 

240 

3 

310 

134 

•,?:e  so. 

23  total 

LINKS 

22 

»*Y*2  fCOSOISATC 

31  . 

32.  300 

LlS^t:  TC 

18 

8 

42 

54 

IISKE-  YO 

-•1 

-J  4 

-2C 

-  18 

L I  s '  r  r  T  c 

-42 

CHPCSliisC 

•  7 

137 

33 

32 

CYPCSCRC 

219 

173 

272 

228 

EYOOSU*  E 

1  C4 

14  9 

lO^-TtC 

196 

:  76 

34 

64 

bf I5HTC0 

♦40 

T*8 

2T1 

458 

bE  I&»-YEC 

210 

1700 

s:oE  sc. 

42  total 

L  INKS 

7 

Y.Y.Z  CC0RDIS8TC 

14, 

58«  SCO 

LiSKC-'  TO 

5: 

52 

34 

-•2 

r  »  Pf  <  jbt 

130 

•>  j 

31 

153 

mi  IGkTEC 

2C2 

y 

44 

308 

SOCE  sc. 

34  total 

links 

12 

i.Y^Z  CCC8CIN*»C 

4  * 

98f  300 

LIS" El  TO 

«? 

10 

50 

94 

1.  is-t:  ^0 

-*8  • 

-13 

E « AC 

8  t 

■»9 

58 

33 

f ypcSlpC 

122 

42 

yY  lo-Tfc 

12* 

160 

118 

46 

b*  IC^Ttc 

2«6 

126 

s:oc  NC. 

94  total 

links 

9 

«*Y*/  Crc8CIN«Yc 

9. 

74«  300 

lfnkcc  to 

9? 

•0 

•42 

-49 

CRPCSU8C 

100 

20 

140 

114 

WCUhTCO 

202 

29 

922 

230 

-32 

-4  5 

-37 

-27 

<71 

200 

32C 

237 

544 

402 

321 

476 

-39 

-21 

-43 

-91 

166 

27 

149 

167 

3.7  4 

54 

300 

334 

•24 

-2  7 

330 

250 

4  4  2 

502 

28 

45 

2 

4 

-27 

-20 

-39 

-6 

-l« 

-28 

-37 

-43 

44 

1  04 

49 

340 

32  7 

204 

253 

241 

275 

269 

191 

90 

210 

154 

190 

482 

326 

418 

506 

242 

274 

2900 

384 

-18 

1«7 

m 


45 

47 

-24 

-13 

-27 

-40 

-1 

-52 

-12 

-13 

-39 

-5 

1C8 

144 

35C 

113 

294 

214 

131 

244 

248 

24C 

179 

169 

218 

1470 

442 

226 

297 

434 

264 

530 

249 

241 

340 

360 

-*5 

-*0 

*•8 

132 

186 

98 

?f  4 

tt8 

19# 

57 

-42 

-45 

-24 

-18 

-40 

58 

196 

162 

207 

236 

209 

118 

149 

183 

414 

476 

412 

-M 

98 

198 


122 


Table  A.8.  (cont'd.) 


KCCC  hi. 

«0  TOTAI 

LMKS 

« 

K«Y,Z  CCOnClNATC 

ie« 

65*  300 

LINi«C0  to 

52 

57 

-9  8 

-98 

EXPOStRE 

100 

58 

151 

192 

bllGHTCC 

202 

118 

309 

193 

KCPE  KC. 

■T  total 

L1SKS 

6 

X«V«Z  CCOPOIMATE 

27* 

77*  330 

LiNWtC  TO 

GO 

-59 

-98 

-52 

-69 

-62 

EXPOSURE 

101 

100 

75 

98 

209 

0 

mC  IGhTEO 

20A 

202 

152 

99 

2100 

2 

RODE  AC. 

-62  TOTAL 

L  MKS 

3 

XfT«2  COORCINATC 

12* 

87*  350 

ltnxcc  to 

70 

-71 

-59 

eupciure 

P2 

279 

165 

hr  ichteo 

1«G 

280 

332 

A:rrj(  hC» 

TO  TOTAL 

LINKS 

3 

v«v«Z  CCOPDINIIE 

3*  100*  330 

LIKREC  TO 

P2 

-Tl 

-7f 

EXPCSUPf 

AT 

2  79 

175 

uf  IOhUC 

8f> 

56C 

176C 

\CCE  ^.C. 

82  TOTAL 

LINKS 

6 

X.Y,Z  COOfClNAIC 

8t  113*  330 

LIf.KEC  TO 

95 

89 

96 

-76 

-78 

-79 

EXPOSURE 

M2 

1*5 

9C 

2*7 

192 

219 

yr IGHTEO 

286 

I960 

91C 

238 

1930 

2200 

NCOC  KC« 

-T6  TOTAL 

LINKS 

« 

l•Tt2  CCOPDIMATC 

13t  106*  390 

likkCo  to 

89 

-78 

-79 

-71 

CrPOSURE 

96 

292 

279 

295 

yElGHTEO 

9T0 

2938 

2800 

992 

Arcc  fC. 

-71  TOTAL 

LINKS 

13 

M.Y.Z  CCOROIKATE 

10* 

96,  350 

LIK'fE:  TO 

75 

89 

52 

72 

60 

-79 

-78 

lik^ec  to 

-79 

-9  8. 

-52 

EXPOSURE 

199 

200 

*3 

167 

102 

253 

231 

EYPCSUPE 

152 

75 

61 

’*t  IGHTEO 

?coe 

2010 

88 

1680 

1050 

2590 

2320 

b£  ICHTfC 

1530 

76 

62 

ACDE  ‘C. 

•52  total 

LMKS 

9 

V«T«Z  CCORCtkATC 

38* 

69*  350 

Tc 

♦  5 

60 

59 

-•8 

-91 

-90 

£»PC*L?E 

ai 

15* 

17’ 

1*7 

1*8 

138 

yr  IGHTEC 

62 

!10 

I’ec 

298 

578 

2'8 

NCCE 

95  total 

L  INKS 

2C 

x«Y*Z  CCCRDIRATE 

95* 

61*  390 

J.|\xCC  TO 

9T 

59 

6C 

27 

65 

-•1 

-5! 

li>»''e:  TO 

-98 

-52 

-26 

-27 

-5* 

-37 

-80 

E^PCSuPt 

188 

2  15 

122 

211 

9 

211 

129 

CXPCSUPE 

118 

2*2 

229 

233 

311 

250 

321 

yf  IGHTEC 

1890 

2199 

296 

212 

10 

929 

130C 

yEIGHTEO 

258 

293 

951; 

968 

312C 

251 

3220 

HCSC  RO. 

65  TOTAL 

LINKS 

9 

«»v«7  CCOACIRiTE 

79* 

89,  330 

ilhnCZ  TO 

69 

73 

71 

55 

-66 

-61 

-56 

ExPCSuPE 

53 

*7 

19 

37 

137 

399 

211 

riC  IGHTEO 

59 

*8 

2C 

38C 

138 

690 

2120 

MOCt  ?.0. 

71  IOTAL 

L  inks 

9 

VtT«Z  CCCACIMRTE 

86  •  1 

C2,  300 

Ll».«c:  TO 

8C 

73 

79 

6* 

-89 

-66 

EXPOSURE 

100 

17 

85 

32 

91 

96 

yf  IGhTEO 

101 

156 

86 

33C 

92 

970 

fcOOE  SO. 

79  total 

LINKS 

1C 

x.Y.Z  CCORCISRTE 

97  *  168*  300 

Uisvcc  TO 

61 

67 

TT 

80 

►  9 

93 

68 

EXPCSUPC 

169 

79 

MO 

91 

395 

276 

0 

wr icHTco 

190 

22500 

19100  69900 

103800 

87700 

300 

-59 

-69 

-67 

199 

223 

305 

150 

996 

3060 

-93 

-93 

-59 

-6* 

-61 

-59 

191 

188 

183 

229 

311 

65 

1920 

378 

189 

952 

3120 

132 

-68 

-59 

325 

297 

652 

2980 

-82 

-69 

-81 

380 

99 

293 

903 

975CC 

122000 

Case  6  -  Area  2,  Route  2,  Sensor  Set  1. 


124 


Table  A. 9.  Case  6 


FRCH 

CAST 1^6  NCRTH1N6 

35 

2770 

10500 

28 

361C 

9660 

19 

4lQC 

9100 

32 

424C 

10080 

36 

5290 

10640 

3<» 

473C 

10430 

46 

55CC 

11270 

38 

634; 

10710 

32 

550C 

1015G 

-21 

5010 

91C0 

11 

5430 

8190 

12 

445C 

0470 

22 

417C 

9240 

42 

298C 

11060 

33 

22ec 

10360 

-45 

207C 

1141C 

56 

2630 

12320 

5C 

326; 

11550 

37 

347f 

1064C 

30 

256C 

9870 

1* 

258C 

9030 

9 

4870 

7630 

1C 

41CC 

796C 

-23 

312C 

9240 

-2 

424: 

7280 

529: 

7630 

-13 

3190 

6400 

-24 

22ec 

924C 

-1 

3190 

7281 

8 

284C 

7630 

52 

2770 

11760 

3890 

12390 

-62 

2840 

13C90 

70 

221C 

14QC0 

81 

256G 

14910 

-76 

291C 

14420 

-71 

2700 

13720 

-52 

4660 

1183C 

45 

5250 

11270 

65 

7180 

13230 

71 

eC2C 

14140 

79 

6790 

14560 

46 

9840 

13510 

61 

10260 

12670 

67 

9260 

13720 

-58 

9840 

12880 

69 

10890 

13860 

62 

1068C 

12810 

68 

1159C 

13860 

76 

1C61C 

14420 

Node  Linkage  for  Route 


TO 

penalty 

CASTING 

NORTHIKC 

28 

1 

3610 

9660 

19 

77 

4100 

9100 

31 

66 

4240 

10080 

36 

18 

5290 

10690 

34 

180 

4^30 

10950 

46 

54 

5500 

112T0 

38 

105 

6340 

10710 

32 

36 

5500 

10100 

-21 

56 

5010 

9100 

\  j 

34 

5430 

eiso 

12 

10 

4450 

6970 

22 

96 

4170 

9290 

42 

51 

2980 

11060 

33 

64 

2280 

10560 

-45 

99 

2070 

11910 

56 

2 

2630 

12520 

50 

29 

3260 

IISSO 

37 

46 

3470 

10690 

30 

2 

2560 

98  70 

15 

c 

2980 

9050 

9 

7 

4070 

7650 

10 

2 

4100 

7960 

-25 

67 

3120 

9290 

•  2 

62 

4240 

7260 

7 

1 

5290 

7650 

-13 

36 

3190 

6900 

-24 

216 

2280 

9290 

lie 

5190 

7260 

£ 

252 

2840 

7650 

52 

4.4 

2770 

11760 

57 

156 

3890 

12290 

-62 

2 

2840 

15090 

70 

166 

2210 

19COO 

81 

88 

2560 

19910 

-76 

238 

291C 

1992C 

-71 

492 

2700 

15720 

-52 

4C 

4660 

11650 

45 

8? 

515C 

11270 

65 

10 

7180 

15250 

7X 

20 

8C2Q 

19190 

79 

66 

679C 

19060 

66 

1 

9840 

15S10 

61 

«8 

i:26C 

12670 

67 

* 

9280 

15720 

-58 

2 

9840 

12880 

69 

91 

1C690 

15660 

62 

2 

IC680 

12810 

68 

56 

11590 

15660 

76 

41 

10610 

19920 

84 

246 

10960 

19980 

125 


Table  A 

.10.  Case 

6  -  Node  Linkage 

NOCC  KC. 

35  total 

LINKS 

R 

X«T#2  COOR 

OPIATE 

U* 

50# 

300 

LINKED  TO 

33 

*2 

30 

37 

50 

26 

-62 

-65 

ExPCSuRf 

100 

66 

77 

69 

6 

0 

161 

103 

yf  iomteo 

202 

176 

156 

1*0 

10 

1 

266 

206 

S'^CE  NC. 

26  total 

LINK5 

7 

X«Y«2  COORCIKATE 

<  J  ♦ 

36i 

30C 

LINKED  TO 

22 

19 

31 

15 

37 

30 

-23 

-tJ'PCSuRC 

13* 

76 

121 

157 

66 

67 

195 

ML  IG'-TEC 

135 

77 

2*6 

276 

136 

96 

392 

NODE  NC. 

19  total 

LINKS 

7 

v#Y«2  CCOROINATE 

50# 

3C# 

290 

LINKED  TO 

22 

12 

31 

-26 

-21 

-23 

-1  ! 

E/PCSLPf 

UN 

*3 

3i 

260 

69 

*6 

69 

WE  rC**TEO 

25* 

p.b 

66 

922 

90 

96 

100 

\c:£  NO. 

31  TOTAL 

links 

ft 

X#v#7  COOfiOl9ATE 

32# 

66# 

300 

LINkEC  to 

36 

22 

3  7 

35 

-26 

-60 

-6  1 

-21 

EkPCSL'PE 

ICO 

62 

65 

6 

306 

20* 

207 

56 

wr  IG-TEC 

202 

126 

92 

16 

309 

610 

616 

59 

K'jZI  ^0•  36  total  LUKS  12 

'OOPCINATE  47.  52#  300 


LINKED  TO 

links:  tc 

3? 

-27 

36 

-26 

65 

66 

36 

67 

-32 

-39 

-61 

-63 

Ekpcsu®E 

E/P' SURE 

15« 

250 

69 

231 

IGO 

lift 

161 

166 

572 

201 

205 

160 

•  E  IGf TEU 
wE IG-TEO 

!ie 

5  02 

160 

6f  6 

322 

236 

1620 

1670 

27! 

606 

612 

1610 

NOCC  NC.  3A  total  LIKKS  7 
)(tV«2  CCOSCI«(ATC.  35#  69#  300 


LINKED  TO 

32 

65 

66 

-61 

-26 

-60 

-27 

txpnstRC 

111 

123 

26 

266 

306 

223 

236 

vri6HTcc 

112 

266 

56 

536 

610 

668 

239 

N03C  NO. 

•6  total 

LINKS 

9 

>t#Y#2  CCCS 

CINATt 

5:#  3 

I#  32C 

LIKKEC  t: 

•  5 

«  7 

Ss 

-*  ! 

-53 

-39 

-52 

-61 

-32 

CKPCSUKE 

i:c 

136 

!0* 

1*3 

161 

122 

109 

IT* 

15* 

yEIGHTEC 

2C2 

137C 

135 

1660 

1620 

123 

220 

350 

310 

NCCE  60,  36  total  ».IN"S  a 

X,Y*2  CCOPriSATE  62#  53#  3*C 


links:  tc 

«  7 

'2 

27 

-39 

-32 

-*3 

-  3  7 

-27 

lKPCSuRE 

195 

17 

2*6 

232 

271 

2G0 

32: 

237 

weighted 

392 

36 

*9* 

666 

56* 

*C2 

321 

67b 

NCCE  NC. 

32 

70T1L 

links 

fi 

X#T#Z  CCOP 

c:na 

-r 

5C. 

*  =  • 

330 

linked  tc 

21 

-5  7 

-32 

-2  e 

-39 

-21 

-*3 

-•1 

CxPCSbRE 

*9 

337 

291 

287 

196 

27 

1*9 

1*7 

UEIGhTEO 

IQO 

676 

292 

576 

3  7* 

56 

300 

336 

NODE  KQ. 

-21 

total 

LINKS 

6 

x#t#z  coop 

CISATE 

*!• 

30# 

330 

LtNKC:  TC 

2  ! 

1  2 

22 

11 

-26 

-27 

ExPOStRE 

156 

33 

66 

16 

!30 

250 

UEIGhTEC 

159 

66 

98 

36 

662 

502 

NODE  NC* 

21 

total 

LINKS 

7 

l#T#Z  CCCft 

CIS! 

?E 

•9# 

17# 

3C3 

linkcc  to 

7 

5 

21 

12 

-12 

-10 

-2C 

EXPCSURE 

116 

76 

« 

276 

270 

23C 

WEIGHTED 

:3* 

ICS 

15* 

10 

277 

271 

*62 

NCCE  NO# 

12 

total 

LINKS 

s 

K«Y«Z  CCCX 

CINATE 

35# 

21# 

*290 

LI9KCC  TC 

IG 

23 

9 

7 

-10 

EXPCSUAC 

:  16 

97 

70 

65 

366 

wC  IG»«TE0 

i.  3* 

90 

162 

132 

367 

Table  A. 10.  (cont‘d. } 


NCOC  NC*  22 

TOTAL 

LINKS 

3C 

M«Tt2  CC0R3INATC 

31* 

32*  300 

LiMKCO  TO 

15 

10 

21 

37 

TC 

95 

97 

-28 

-23 

L!M9CO  TO 

-20 

-16 

-1 

-32 

evpcsuoc 

110 

SI 

159 

76 

CVPCSURC 

112 

l«*9 

330 

11’ 

EXPOSURE 

273 

220 

136 

267 

WEIOHTEO 

222 

l£9 

135 

79 

yCIOHTEO 

<28 

17C0 

882 

236 

hLlGHTEO 

279 

958 

276 

536 

MCDE  KC*  9? 

total 

LINKS 

6 

X«V«Z  CCCADIR 

ATE 

19. 

5a«  300 

LINKED  TO 

5C 

37 

52 

53 

EXPCSURE 

ICO 

67 

73 

31 

WCIChTEC 

2C2 

68 

79 

64 

NODE  KC*  33 

total 

LINKS 

3 

X*T«Z  CCGKCIN 

ATE 

9t 

9«*  300 

LINKED  TC 

3C 

-92 

-95 

OPCSURC 

ICO 

159 

98 

WEIGHTED 

101 

155 

99 

NODE  KC.  -95 

total 

LINKS 

3 

XtT«Z  CCCi’DINATE 

1  * 

6?*  350 

linked  TC 

52 

56 

-92 

EXPOSURE 

38 

0 

199 

WEtOHTEC 

79 

2 

398 

NCOS  NO*  58 

total 

L  INKS 

9 

XtYtZ  CCOPDIN 

ATE 

S* 

’t*  300 

LINKED  TO 

52 

5C 

-62 

-59 

EXPCSURC 

1C3 

28 

160 

98 

WEIGHTED 

202 

29 

322 

198 

NCCE  NO.  5C 

total 

LINKS 

5 

X«T*Z  COOPCIN 

ATE 

la* 

85*  300 

LINKED  TO 

52 

37 

57 

-98 

EXPOSURE 

i:c 

22 

56 

151 

weighted 

202 

98 

318 

309 

KOCE  *C.  .37 

tctal 

LINKS 

4 

X.V«Z  CCCPCIMiTt  21,  =2t  2C0 


l*nke:  to 

30 

-9C 

-91 

-98 

E  ^OSL-NE 

5 

256 

1  ”5 

110 

WEIGHTED 

2 

5*9 

392 

222 

NCCC  NC. 

!C 

’OTal 

LINKS 

2 

x«YtZ  cc:r 

CINATE 

6*  *1*  200 

linked  to 

15 

-2* 

-23 

EiPCSuNE 

2»9 

36 

WE  IGhTtC 

2 

99C 

39 

NODE  NO* 

15 

*0TIL 

LINKS 

19 

X*T«Z  CCC9 

CINA 

TE 

i««  : 

9*  213 

LINKED  TC 

6 

1  ? 

9 

-22 

linkec  t: 

-2 

-42 

-90 

-4l 

£»»CSL9C 

155 

59 

6 

132 

EXPOSURE 

98 

109 

176 

173 

wEIGhTEC 

322 

80 

7 

268 

WEIGHTEQ 

98 

lie 

359 

292 

NCOC  NC. 

4 

total 

L  INKS 

3 

XtTfZ  COCROINATC 

91* 

9*  290 

linked  TC 

7 

1C 

-2 

EXPOSUPE 

100 

r 

123 

ttElSHTEC 

101 

2 

292 

NCCf  NC. 

10 

tctal 

links 

15 

K«T*2  CCGNCINATE 

3C« 

19*  300 

LP.kEl  TO 

7 

6 

21 

-2 

LIS-EC  to 

-1C 

-12 

-29 

-2C 

cxprSv^E 

60 

169 

07 

119 

Cx<*«<u'-C 

?3I 

2!* 

1*5 

237 

Wl  IChTCD 

69 

530 

176 

290 

hi  ightec 

232 

239 

272 

239 

30 

9 

7 

8 

92 

33 

-13 

-27 

-95 

-91 

-29 

-2 

-12 

-10 

-39 

-3 

-9  2 

-93 

70 

52 

6S 

199 

50 

49 

l<2 

297 

216 

219 

iTfc 

’6 

298 

290 

18! 

189 

1C5 

173 

192 

1C6 

122 

290 

51 

100 

<96 

<96 

939 

94^ 

359 

154 

299 

291 

368 

383 

212 

1790 

-92 

•95 

-9C 

-98 

15* 

132 

166 

98 

*08 

288 

376 

198 

.40 

1S2 

193 


-13 

-2* 

-16 

-3 

-1 

-28 

ISO 

208 

281 

212 

138 

257 

<82 

416 

529 

928 

276 

258 

-13 

-1 

-23 

-28 

-3 

-16 

-27 

121 

172 

86 

287 

200 

2C9 

239 

299 

396 

87 

536 

902 

920 

980 


Ncce  *23  roTAL  liaks 

>«Tf2  COO8OIA1ATC  Uf 
Li^ACC  ro  6  95 

LUHtr  to  *91  *2 

evPCSUKC  150  73 

OPOSUOC  195  30 

MtlOhtCd  *02  198 

ttCISfTCO  908  82 


12 

310 


-29 

-13 

-18 

-28 

22  0 

129 

278 

267 

992 

250 

559 

266 

•  « 

-2 

-90 

-92 

221 

133 

207 

139 

999 

288 

918 

135 

127 


Table  A. 10.  (cont'd. ) 

KOCE  NO.  -2  total  LINKS  2 
K.V*7  CCOPDINATE  32.  310 

LIN^^ED  10  7  -I 

erPCSORE  0  236 

yllGhTED  I  67A 

NODE  NC.  7  TOTAL  LJKKS  13 
K.Y.Z  CCOUCINATt  67,  9,  300 


LINKEC  TO 

21 

2 

1  5 

3 

27 

-10 

-12 

-8 

-20 

-26 

LiNKtr  TO 

-2  T 

-1 

-1  3 

EXPCSL’RE 

96 

ee 

273 

62 

262 

313 

309 

282 

290 

261 

EXPOSURE 

266 

97 

1  7 

yr  ICmted 

190 

R9 

276 

63 

666 

316 

310 

283 

582 

526 

WEIGHTED 

536 

196 

36 

NCCE  NC.  -13  total  LINKS  • 

>.T,Z  COOPCINATE  17,  20,  320 

LINKED  TO  9  -IK  -26  -3 

exposure  160  ?66  io7  m 

weiGMTEO  262  696  2U  366 


fjrOE  NC.  -26  total  links  6 
)»,Y,2  coordinate  6,  3?,  360 


linked  to 

fl 

-18 

-3 

-62 

-1 

-60 

tJiPCSUPE 

82 

285 

216 

127 

58 

163 

6t  IGhTED 

166 

572 

650 

128 

1 18 

328 

NODE  NO. 

-1  total 

LINKS 

2 

COOPCINA1E  17,  6,  330 

LIN'^ir  TO  P  -3 

EKtCSfKE  1*9  171 

y: JChTEP  292  366 


NODE  NO.  9  TOTAL  LINKS  23 
A,T,»  CCORCINATE  12,  9,  53G 


L  I  N ► L  r  TO 

?  1 

1  ' 

? 

*.7 

65 

7T 

6  ■» 

-3 

-18 

-26 

LIN'-EL^  TC 

-10 

-12 

-20 

-62 

-27 

-60 

-41 

-8 

-66 

-32 

LINKED  TO 

-59 

-65 

-57 

txPCSURE 

102 

269 

81 

21 

96 

259 

166 

276 

27V 

262 

CnPC  ;CPC 

252 

255 

264 

132 

273 

199 

199 

239 

118 

251 

ExPCSLRE 

175 

169 

261 

UEIGhTEC 

103 

250 

82 

66 

196 

260 

1690 

55p 

275 

566 

udicnteo 

?53 

256 

265 

133 

568 

600 

400 

260 

238 

506 

tf( IGMTCD 

368 

1700 

262t 

NCCE  NC. 

52  total 

LINKS 

1? 

X«Y,2  CCCROINATE 

11, 

68  ,  300 

L  INKEC  TC 

57 

6D 

-*2 

-66 

-62 

-60 

-59 

-61 

-52 

-71 

LiNKEC  TO 

-66 

-67 

EXPCSURE 

7  7 

91 

139 

118 

116 

176 

107 

159 

63 

163 

E  xFCSUPC 

20» 

269 

WEIGHTED 

156 

186 

280 

238 

230 

177 

216 

160 

166 

1660 

Wf IGhTCO 

2C2C 

2700 

NCDE  NC.  57  TOTAL  LINKS  6 
X,V,2  CCCROINATC  27,  77,  330 


L19rfc  TO 

fC 

•89 

•68 

•52 

•66 

•62 

E8PCSUPE 

101 

100 

T5 

60 

200 

0 

VEIGhTEC 

2C6 

202 

152 

69 

2188 

a 

NCCE  NC* 

-62  TOTAL 

LINKS 

3 

1i,Y,2  CCCROINATE 

12,  67 

f  350 

LINKED  TC 

70 

-71 

-59 

CYPCSURE 

82 

279 

165 

wr  iohteo 

166 

280 

332 

NCDC  NC. 

70  TOTAL 

LINKS 

3 

«,t,z  coordinate 

3,  100,  330 

linked  TC 

81 

-71 

-76 

E«p( StPE 

87 

279 

175 

WEIGHTEC 

88 

f  80 

1  760 

NCCE  NO. 

81  TOTAL 

LINKS 

6 

K,Y,2  COORDINATE 

0,  113 

,  330 

LINKEC  TO 

95 

82 

96 

-76 

-78 

-76 

CYPOSUPE 

162 

165 

90 

237 

192 

219 

wt  ICmTCO 

266 

16A0 

91C 

238 

1930 

2200 

NODE  NO. 

•76  total 

LINKS 

A 

x,T,z  coordinate 

13  ,  1  06,  360 

linked  to 

82 

-78 

-74 

-71 

EXPOSURE 

96 

262 

279 

265 

NEIGhTEG 

970 

2630 

2800 

692 

Table  A. 10.  (cont 'd. ) 


^  1.  L  ^  . 

- ;  1  !  c  T 

A1 

L  S 

1 : 

»  «  T  ,  C  C' 

RC  I  NMt 

10.  9b 

,  3'  C 

1 :  N''  t  r  T 

7 1 

^  ? 

1  0 

-  7  4 

-7p 

-59 

-o  4 

-fc7 

-  79 

L  p.  r-  b  :  T 

-  4 

-  ^  2 

f  xPCSLfct 

le: 

i  t  2 

1  .*  L 

£7 

221 

202 

1  26 

222 

504 

115 

L  KPCSlRf 

s : 

I  9 

w  f  1  c  ^  T  n:. 

1  t  20 

1  SRO 

1 2 1 : 

6fri, 

2  52  C 

2C30 

12' 

446 

3C5C 

1 16C 

5.^ 

RC 

f.:zL  ».c. 

-£2  total 

L  1  S 

& 

>.  Y,2  CCCRCIKATE 

'f  ,  f  9 

,  *‘^■0 

Llf.'-tC  Tj 

to 

5  9 

-46 

-4  1 

-40 

cvrosuRC 

«! 

1  5<t 

177 

147 

166 

156 

Wl  I  GK-Tf  c 

e2 

21  C 

17SC 

296 

276 

276 

fjCGE  \C. 

A5  TOTAL 

LINKS 

21 

MY, 2  COORDINATE 

65«  i  1 

,  340 

L  I N r. E C  TO 

A  7 

•^9 

R  0 

21 

27 

65 

-4  1 

-53 

-43 

-40 

L  I^YEC  TO 

•39 

-A6 

-32 

-26 

-27 

-54 

-37 

-60 

-64 

-61 

L  tVKEC  TO 

-59 

E  KPCM.Pt 

ipe 

213 

122 

32 

211 

0 

211 

129 

191 

186 

EXFOSURC 

1P3 

1  16 

242 

224 

235 

311 

25C 

321 

225 

311 

f  J-PCSURE 

6£ 

Ut  IGMTf  C 

1690 

21<i0 

24fe 

66 

2JJ  ' 

10 

424 

1303 

1920 

376 

W  r  I  G  H  T  £  C 

IPA 

2  2  8 

243 

450 

466 

3120 

251 

3220 

452 

3120 

kl  I&^-TE0 

132 

NODE  NO, 

65  TOTAL 

LINKS 

9 

X,Y,2  CCC'RCINATE 

74,  69,  230 

Li'NXLL  TO 

6R 

73 

7  1 

K  C. 

-96 

-61 

-68 

-54 

EXPOSURE 

53 

4  7 

15 

27 

127 

346 

211 

325 

297 

WE  I  GhTCC 

5* 

4  6 

2C 

360 

138 

690 

212C 

652 

2960 

KCCC  *.c. 

71  total 

L  IN»fS 

i 

X,T,2  COORDINATE 

66*  102 

,  200 

LISxeC  TO 

60 

7  2 

"•S 

64 

-65 

-66 

EXPCSURE 

;oo 

67 

65 

32 

91 

96 

WE  IGhTEC 

202 

136 

66 

330 

92 

970 

NCCE  NC, 

79  total 

LINKS 

9 

V,Y,2  COORDINATC 

97,  106 

,  300 

LINKED  TO 

GY 

77 

60 

69 

93 

66 

-62 

-69 

-01 

EXPOSURE 

7* 

160 

91 

345 

276 

0 

300 

96 

263 

weighted 

75 

161 

164 

34  6 

277 

1 

301 

190 

666 

NODE  KC. 

total 

LINKS 

a 

*,Tte  CCCRCINATC 

112*  92 

,  250 

LINKED  TO 

G7 

61 

77 

63 

62 

69 

76 

-72 

-56 

EXPOSURE 

77 

23 

166 

116 

103 

102 

131 

190 

166 

WEIGhTEC 

156 

€6 

16  7 

226 

206 

103 

132 

191 

330 

NODE  NC« 

61  TOT 

AL 

LINKS 

x•Yt^  cc:i 

«C  1*.ATE 

1 

16,  61,  290 

linked  to 

62 

53 

51 

67 

-58 

-51 

EXPOSURE 

190 

160 

37 

0 

186 

55 

WEIGHTED 

!9l 

262 

76 

1 

376 

112 

NODE  NC* 

67  total 

LINKS 

5 

X*T»E  CCCI 

ROIKATE 

106*  96«  290 

L  INKED  TO 

63 

77 

-72 

-69 

-58 

EXPOSURE 

61 

76 

IOC 

132 

0 

WEIGHTED 

66 

77 

101 

266 

2 

NODE  NO. 

-56  total 

LINKS 

6 

X«T,Z  COCROINATE 

112*  66 

•  300 

LINKED  TC 

63 

62 

52 

69 

-72 

-51 

EXPOSURE 

190 

179 

104 

90 

166 

56 

weighted 

202 

160 

21C 

91 

169 

116 

NODE  NC* 

69  total 

LINKS 

7 

X«T«2  CCCRCIMTE 

127*  Sfi 

f  3C0 

LINKED  TC 

76 

68 

**6 

62 

-65 

-63 

-72 

EXPOSURE 

190 

116 

156 

0 

331 

195 

19 

veichteo 

161 

115 

159 

2 

666 

392 

40 

NODE  NO. 

62  TOTAL 

L  inks 

6 

N,T«2  CCCPCINiTE 

; 

24,  61 

,  7C3 

LINKED  TO 

•6 

K  • 

66 

-63 

-65 

-51 

EXPOSURE 

152 

66 

5r 

261 

324 

29 

weighted 

306 

1  78 

5fe 

262 

325 

60 

Table  A. 10.  (cont'd.) 


NCOC  NC.  total  links  5 

XfTtZ  COORCINATC  137«  96t  300 


LXNKCD  to 

78 

76 

-65 

-73 

-63 

cXPOSUNC 

223 

40 

346 

319 

215 

MCICHTCO 

22A 

41 

699 

640 

432 

NOOC  N0« 

total  liaks 

T 

XeVfZ  CCOR 

CINATC 

12*«  1C6«  300 

LINKED  TO 

8A 

77 

7fi 

-72 

-80 

-84 

-65 

exposuRC 

2A5 

119 

173 

69 

267 

269 

222 

uCXeHTEO 

246 

60000 

52200 

49000 

20800 

07COO 

111500 

130 


Case  7,  Area  2,  Route  1,  Sensor  Set  2. 
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Table  A. 11.  Case  7  -  Node  Linkage  for  Route 


FRC« 

CASTING 

NORTMNG 

TO 

PCNALTT 

CASTING 

NORTHING 

9 

3820 

7280 

9 

2 

6870 

7630 

9 

A07C 

7630 

13 

1 

6650 

8670 

13 

«A50 

8670 

7 

50 

5290 

7630 

7 

5290 

7630 

-2 

60 

6260 

7280 

-2 

«290 

T280 

11 

ICl 

6100 

7980 

11 

^100 

7980 

31 

17 

2560 

9670 

31 

2560 

9870 

37 

1 

3670 

10660 

37 

3%7C 

1C660 

50 

61 

3260 

11550 

50 

3260 

11550 

56 

22 

2630 

12320 

‘6 

2650 

12320 

-59 

159 

3610 

12950 

-59 

3610 

12950 

-71 

60 

2'^00 

13^20 

•71 

2700 

13720 

-78 

68 

3560 

16560 

-■»8 

3560 

16560 

-79 

1 

4590 

15120 

-79 

6590 

15120 

87 

89 

5150 

15670 

67 

5150 

15670 

90 

39 

6060 

15560 

‘0 

6C6C 

15560 

83 

9 

6900 

16960 

*3 

6900 

16980 

80 

36 

7610 

16700 

60 

7810 

14700 

79 

36 

8790 

16560 

79 

6790 

16560 

61 

160 

956C 

16770 

132 


Table  A. 12.  Case  7  -  Node  Linkage 

NOOe  3  TOTAC  LlAffS  5 

CC0*IPI«*TC  26t  Af  !«0 

LINKCO  TO  11  8  9  -2  -1 

EXPOSURE  7S  107  C  140  US 

WEIGH7CO  7S  216  2  296  334 

NODE  NO.  9  total  LUK5  5 

XeTfZ  CCORCINATE  41*  9*  290 

LINKED  TO  7  12  11  13  *2 

EXPOSURE  147  79  65  0  197 

WEIGHTED  296  152  132  1  276 

NODE  NO.  13  total  LINKS  6 
X«V«Z  COORDINATE  35*  21f  290 


LINKED  TO 

11 

19 

23 

12 

7 

-21 

EXPOSURE 

124 

79 

07 

53 

24 

156 

weighted 

250 

00 

00 

100 

50 

514 

NODE  NO.  7  total  LINKS 
X«Y«2  COORCXNATE  47* 


4 

9t  300 


LINKCO  TO 

12 

-10 

-2 

-12 

EXPOSURE 

100 

265 

19 

240 

weighted 

202 

532 

40 

490 

NODE  NO.  -2  total  LINKS  2 
K*T*Z  COORDINATE  32*  4*  310 

LINKEC  TO  11  -1 

EXPOSURE  100  96 

weighted  101  194 


NODE  NO. 

11  TOTAL 

LINKS  21 

X.TtZ  COORDINATE 

30«  14,  300 

LINKCO  TO 

19 

23  0 

12 

10 

20 

22 

32 

51 

-13 

linked  TO 

-1 

-21  -23 

-26 

•3 

-10 

-10 

-12 

-20 

LINKED  TO 

-2‘» 

EXPOSURE 

91 

90  144 

92 

95 

64 

103 

39 

16 

149 

EXPOSURE 

155 

134  91 

210 

176 

175 

269 

271 

140 

270 

EXPOSURE 

103 

WEIGHTED 

92 

99  290 

166 

96 

65 

200 

*0 

17 

300 

6EIGHTCO 

312 

270  92 

219 

354 

352 

540 

544- 

290 

542 

WCIGNTCO 

360 

NODE  NO. 

31  7CTAL 

LINKS  6 

X*T*Z  CCOROINATE 

0f  41*  300 

LINKED  TO 

34 

10  20 

37 

-24 

-23 

CxPCSURE 

100 

64  19 

0 

220 

00 

wr  IGHTCC 

101 

130  40 

1 

450 

01 

NODE  NO. 

9T  total 

LINKS  7 

X«T«2  coordinate 

21.  52*  301 

LINKED  TO 

42 

50  32 

20 

-40 

-41 

-40 

ExPCSURC 

100 

40  36 

21 

259 

103 

166 

WIIGmTEO 

202 

41  74 

50 

256 

360 

167 

NODE  NO. 

50  total 

liars  6 

1S«  65«  310 

LINKED  70 

52 

42  54 

57 

-40 

-40 

EXPOSURE 

100 

93  10 

50 

219 

193 

wr IGHTEO 

202 

100  22 

59 

440 

Sil 

NCCE  NO.  56  TOTAL  LINKS  4 
X.T*2  COORDINATE  9.  TAt  SOt 


LINKEC  TO 

52 

-12 

-45 

-59 

EXPCSURC 

100 

214 

165 

150 

WIISHIEO 

«02 

215 

332 

159 

NCDE  NO.  -59  TOTAL  LIARS  5 
x«Tf2  CCOROINATE  23t  SSt  351 

LINREr  TO  57  6t  -62  -64 

CvPOSLPE  IAO  147  165  lOT 

NEIGNTEO  101  296  932  100 

NCDC  NC.  -71  total  LINKS  5 
R«T»2  COOROINAIC  10«  96t  350 

LINKED  TO  T0  -62  *76  -74 

CRPOtOOE  100  296  120  129 

WCIOPTCO  202  237  121  130 


133 


Table  A.12.  (cont'd.) 


NOOC  MO. 

-78  TOTAL 

LINKS  6 

KfTtZ  COORDINATE 

22«  10e«  3R0 

LINNCC  TO 

SR 

T5  62 

-7A 

-76 

-Tf 

CX^OSURC 

NO 

70  17 

195 

112 

0 

UCI6HTE0 

91 

71  36 

392 

226 

1 

NOOC  NO* 

-79  total 

LINNS  9 

XeTfl  COORDINATE 

37*  116*  330 

LINKCO  TO 

0A 

€7  72 

75 

8A 

7A 

96 

-85 

-7A 

EXPOSURE 

100 

68  90 

90 

80 

62 

aa 

98 

96 

WEUHTEO 

101 

69  91 

162 

162 

126 

90 

91 

19A 

NODE  NO* 

07  total 

LINKS  6 

XtTtE  COORCINATE 

AS*  121f  320 

LINKED  TO 

06 

d5  90 

-85 

•80 

-75 

EXPOSURE 

!32 

AO  38 

119 

109 

96 

wrts»>TEC 

133 

Al  39 

2A0 

110 

19a 

NODE  NO* 

90  TOTAL 

LINKS  6 

X«Y«2  COORCINATE 

56*  122«  310 

LINKED  TO 

6% 

91  86 

63 

•88 

-77 

EXPOSURE 

132 

1  03  77 

8 

121 

96 

riElGHTEO 

133 

lOA  156 

9 

2AA 

19A 

NODE  NO* 

83  total 

LINKS  • 

X«V«2  CCOROINATE 

70*  llA,  300 

LINKCO  TO 

91 

73  oa 

65 

80 

-77 

-81 

-75 

EXPOSURE 

12« 

98  91 

63 

35 

138 

53 

97 

MEUHTEO 

250 

198  92 

128 

36 

2  78 

5A 

196 

NOOC  NO* 

60  total 

LINKS  6 

XeTfE  COORDINATE 

63*  110*  300 

LINKCO  TO 

71 

73  86 

79 

89 

-81 

EXPOSURE 

100 

105  133 

33 

15A 

156 

WEI6NTCO 

202 

212  268 

3A 

155 

157 

NODE  NO. 

79  TOTAL 

LINKS  10 

X«T*2  CCOROINATE 

97*  106*  300 

LINKED  TO 

01 

71  67 

77 

89 

93 

66 

-02 

-69 

-81 

EXPOSURE 

179 

1C8  12A 

135 

207 

191 

51 

271 

9* 

1C9 

NEtCHTED 

180 

763C0  3750C 

13630 

62*C0 

19200 

156CC 

816 

A75Q0 

55000 

134 


Case  8  -  Area  2,  Route  2,  Sensor  Set  2. 
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Table  A. 13.  Case  8  -  Node  Linkage  for  Route 


FROIt 

tASTlNG 

RCRTHI66 

TO 

PCMtTY 

EASTING 

NORTHING 

35 

2770 

10500 

28 

1 

5610 

9660 

26 

3610 

9660 

37 

67 

3470 

10640 

37 

3470 

10640 

30 

2 

2560 

9870 

30 

2560 

5670 

15 

50 

25: 

9030 

15 

2560 

5030 

9 

7 

4870 

T630 

5 

4870 

7630 

12 

1 

4450 

6470 

12 

4450 

8470 

7 

50 

5290 

7630 

7 

5290 

7630 

-2 

40 

4240 

7280 

-2 

4240 

7280 

10 

101 

4100 

7980 

10 

4100 

7980 

31 

37 

4240 

10060 

31 

4240 

10080 

36 

52 

5290 

10640 

36 

529C 

10640 

46 

119 

5500 

11270 

46 

550C 

11270 

34 

8 

4730 

10450 

?♦ 

4730 

10430 

32 

156 

5500 

10150 

32 

5500 

10150 

-21 

56 

5010 

5100 

-?1 

5010 

91C0 

11 

?4 

5430 

8190 

11 

5430 

6190 

21 

19 

5570 

9170 

21 

557C 

9170 

19 

110 

4100 

9100 

15 

410C 

9100 

-23 

72 

3120 

9240 

-23 

3120 

9240 

22 

18 

4170 

9240 

22 

4170 

5240 

42 

34 

2580 

11060 

42 

2960 

nc6C 

33 

64 

2280 

10360 

33 

2260 

10360 

56 

34 

2630 

12320 

56 

2630 

12520 

50 

29 

3260 

11550 

50 

326C 

11550 

57 

59 

3890 

12390 

S7 

3890 

12390 

-62 

110 

2840 

13090 

-62 

2640 

13090 

70 

2 

2210 

14000 

70 

2210 

14300 

81 

1 

2560 

14910 

ei 

2560 

.  14910 

96 

1 

3610 

15960 

56 

361C 

15560 

105 

1 

4660 

17C10 

105 

4660 

17010 

91 

1 

6620 

15540 

51 

6620 

15540 

88 

55 

7670 

15470 

88 

7670 

15470 

63 

22 

6500 

14980 

63 

6900 

14960 

60 

46 

7610 

14700 

80 

7810 

14700 

79 

54 

8790 

14560 

79 

6790 

14560 

66 

52 

9840 

13510 

66 

9840 

13510 

76 

144 

1C610 

14420 

76 

1C610 

14420 

84 

191 

10560 

14980 

Table  A. 

14.  Case  8  -  Node  Linkage 

MODE  ISO. 

35  total 

LINAS  fl 

KfTtZ  rOOROINATC 

Ilf  50f  300 

LlNrtG  TO 

33 

02  30 

3T 

50 

28 

-02 

-45 

t»PCSUOt 

100 

6f  77 

65 

A 

0 

153 

150 

yf  iGHTto 

202 

67  156 

100 

5 

1 

30i 

310 

NOOC  00. 

20  total 

LINAS  7 

KtTfZ  COOOCINATC 

23f  SOf  300 

tlN'ttr  TO 

22 

15  31 

15 

37 

SO 

-23 

CuPCSU^t 

13% 

76  121 

137 

66 

A7 

155 

wr  rcHTco 

135 

77  2AA 

276 

67 

56 

352 

OCCC  AiO. 

3T  total 

LIMAS  7 

KtT,7  COOAO 

IMATC 

21f  52»  3C0 

LINRCC  TO 

02 

50  31 

30 

•00 

•01 

•00 

tiOCSOOC 

100 

•  7  AS 

0 

256 

153 

170 

vr  iGHtco 

202 

AM  00 

2 

257 

300 

175 

ftCOC  00* 

30  total 

LINKS  A 

)lfT«2  COOOOINATC 

Of  01  f  30  0 

LiNRtr  TO 

5! 

15  -2A 

-23 

e^PcsuAE 

100 

20  21  0 

50 

vc  IGhTCO 

101 

50  A30 

51 

• 

Ncrc  sc. 

15  total 

LINAS  22 

KfTtZ  CCOOOIMAT£ 

lOf  25t  310 

Ll^oec  TQ 

15 

22  e 

33 

10 

12 

31 

02 

3A 

5 

lP'xec  to 

-23 

-13  -20 

-10 

^  V 

-1 

-26 

-21 

-  2 

-02 

linrcc  to 

-%0 

-01 

c«pcsu«e 

61 

73  110 

60 

55 

01 

50 

37 

28 

6 

CXPCSUOC 

132 

130  2U 

220 

175 

90 

157 

06 

A8 

160 

CVPOSUOC 

177 

171 

yc IGHTCC 

120 

100  230 

61 

60 

eo 

110 

38 

58 

7 

yt  IGhtcd 

133 

262  02A 

042 

360 

150 

35A 

170 

90 

161 

VE  IG^TCC 

I7i 

172 

I^COC  KO* 

5  total 

LINOS  5 

X«rt2  COOftOlNATC 

01*  9f  250 

LlHKtt  TO 

7 

11  10 

12 

-2 

CRPOStjOC 

107 

75  65 

0 

137 

bCUHTtO 

256 

152  132 

1 

276 

NCOC  MO. 

12  total 

LINAS  6 

livVfZ  ccooc 

IMATC 

!5f  21f  250 

LP1’'IC  to 

10 

19  2? 

11 

7 

-21 

CkPCSbOC 

120 

75  07 

S3 

20 

156 

WtlCHTCO 

250 

60  80 

100 

50 

310 

MCCC  HC. 

7  total 

LINAS  A 

x*Y«Z  CCCPC 

I5ATC 

OTf  5»  300 

LIHKLC  TO 

n 

-10  -2 

-12 

CRPCSUPC 

100 

265  15 

200 

OCIGhTCO 

2S2 

532  50 

050 

NC&t  Aid*  *1  tOTAl  LIMS  a 

cooaotNATc  aa#  %«  sia 

CINKCC  ?o  t«  *1 

cupcsuac  !Oo 

Ml iGHTfC  IPt 

KOOC  NC.  10  TOTAL  Lfl^KS  10 
R«Tta  CCOROtllATt  SOt  lAf  300 


LIMAEC  TO 

19 

22 

a 

11 

21 

31 

-1! 

-1 

-21 

-23 

LIMAEC  TO 

•26 

-3 

-IP 

•19 

•12 

.  -20 

-20 

-27 

CVPOSUIIC 

51 

57 

|0S 

91 

100 

36 

105 

ISO 

US 

05 

CAPosuor 

214 

173 

172 

266 

26T 

lOA 

246 

178 

wriOHTco 

92 

50 

280 

104 

202 

3T 

300 

310 

240 

90 

yClCHTCO 

217 

300 

306 

534 

S3i 

290 

530 

350 

N^CC  NC. 

31  TOTAL 

LINAS 

0 

XfTtZ  CCOOOINATC 

S2a 

OOt  300 

LlMACt  TO 

30 

22 

19 

36 

•26 

-00 

-01 

•21 

CRPCSUNC 

116 

79 

35 

25 

249 

205 

200 

45 

VCIGpTCD 

234 

160 

80 

52 

250 

206 

205 

46 

MOOr  MO. 

36  total 

LIMAS 

12 

VfT«2  COOPOtOATC 

OTt 

92« 

LlMtO  TO 

32 

:o 

05 

46 

SO 

07 

-32 

-35 

-01 

-03 

LfNACO  TO 

•2? 

-26 

CNPOSUOC 

158 

89 

339 

111 

105 

147 

205 

185 

204 

102 

CRPOSUOC 

109 

ITl 

MCtOMCO 

310 

199 

240 

119 

1040 

14M 

2040 

2060 

010 

1030 

VCUNTCO  300  300 
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Table  A. 14.  (cont'd.) 


NODE  AiC« 

4G  TOTAL 

LINKS 

10 

K*Tf2  CCORCINiTC 

61t  320 

LINKCC  TO 

K5 

47 

3f 

34 

-43 

CXPOSURC 

;57 

215 

187 

•  3 

223 

UCUHTCO 

51G 

2160 

1880 

6 

2240 

NODE  NO« 

34  total 

L  IVKS 

6 

RtVtZ  CCORDI^iTC 

!9. 

49,  3ca 

LINKED  TO 

32 

45 

-41 

-26 

-40 

EXPCSUKC 

76 

185 

267 

242 

222 

yEICHTEC 

156 

186 

268 

486 

446 

NODE  NO* 

32  TOTAL 

LIKKS 

Q 

X«Yt2  CCORDINA'^E 

50, 

45,  53C 

Lir;KEC  TO 

21 

38 

-27 

-32 

-26 

ekpcsupe 

49 

183 

275 

2?4 

227 

yilCHTED 

ICO 

1P40 

552 

225C 

456 

NOCC  NC* 

-21  total 

L  INKS 

6 

X»TtZ  CCOROINATC 

A3, 

30,  333 

linked  to 

21 

22 

14 

11 

-26 

ekpcsure 

15  8 

48 

19 

16 

271 

VEIGHTEC 

318 

98 

40 

34 

272 

NODE  NO* 

11  ^otal 

LINKS 

4 

X*Y»Z  CCOftCINATE 

45, 

17,  SCO 

LINKED  TO 

21 

-12 

“10 

“20 

EXPOSURE 

18 

346 

339 

254 

MEIGhTEO 

19 

694 

680 

510 

node  NC* 

21  ’OTAL 

LILKS 

23 

X»Y»2  CCCaCINATE 

51, 

3:«  33a 

LINKED  TO 

27 

13 

2? 

19 

38 

LINKED  TO 

-2fc 

-12 

-32 

“10 

-39 

LINKED  TO 

-41 

-40 

“3A 

EXPCSUPE 

?37 

T21 

74 

54 

214 

Exposure 

?54 

321 

233 

309 

212 

CiPCSURE 

190 

175 

195 

NEIGHTEO 

3!80 

6*4 

150 

lie 

215C 

WEIGHTED 

510 

644 

2^4C 

62C 

213C 

WEfCNTCO 

191 

176 

t9tC 

NCOC  NC* 

19  TOTAL 

LINKS 

4 

XfYtZ  CCOR 

CINATC 

3a« 

30,  290 

LINKED  TO 

22 

-2t 

-23 

-13 

EXPOSURE 

100 

200 

35 

39 

weighted 

101 

402 

72 

80 

NODE  KC* 

-23  TOTAL 

LINKS 

* 

XfY*2  CCORCISiTE 

16* 

32«  313 

linked  to 

22 

-24 

-13 

-18 

EXPOSURE 

8 

228 

137 

146 

weighted 

18 

458 

276 

294 

NODE  NO* 

22  TOTAL 

LINKS 

21 

X«v«z  CCORCUATE 

31  * 

32«  300 

LINKED  TO 

a 

42 

33 

45 

47 

LINKED  TO 

-24 

-20 

-18 

-1 

-32 

LINKED  TO 

-•3 

ErPCSLPE 

96 

33 

32 

187 

167 

EXPOSURE 

!75 

300 

186 

91 

196 

EXPOSURE 

I’l 

weighted 

194 

34 

66 

186 

uec 

weighted 

352 

(02 

574 

164 

394 

WEIGnTEO 

1720 

NODE  NO* 

42  TOTAL 

links 

7 

X«T»2  CC3R 

DILATE 

14, 

zf$  300 

LINKED  TO 

5C 

52 

3* 

-42 

-44 

EXPOSURE 

100 

73 

81 

205 

183 

weighted 

101 

74 

64 

412 

368 

NODE  NC* 

83  TOTAL 

LINKS 

11 

X«Yf2  CCORDINATE 

4, 

46,  300 

LINKED  TO 

52 

•0 

96 

5  7 

-42 

LINKED  TC 

-13 

f XPOSURE 

61 

58 

33 

58 

249 

EXPOSURE 

62 

WEIGNTEO 

62 

59 

34 

59 

250 

WEIGhTCO 

126 

Ncrc  NC* 

56  total 

LINKS 

i  4 

k«Tf2  CCOROINATC 

4, 

76f  300 

LINKED  TO 

52 

50 

-62 

•45 

-59 

CXPCSURE 

100 

20 

214 

U5 

158 

weighted 

202 

29 

215 

332 

159 

•«3  -35 

230  20* 

231  205C 


IB*  154 
576  3010 
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Table  A 

.14.  (cont'd.i 

) 

MODE  no* 

50  TOTAL 

LINKS 

4 

XfYtZ  COORDINATE 

ie«  65f 

300 

tlfcKtl*  TO 

52 

57 

-46 

-40 

E>«PCSi;RE 

100 

56 

219 

193 

yeiOHTco 

202 

59 

490 

366 

NCCE  1.0* 

57  TOTAL 

LINKS 

6 

X»Y*Z  COORDINATE 

27,  77, 

930 

LINKCC  TO 

GO 

•59 

-46 

-52 

EKPOSUPE 

172 

IfO 

143 

122 

yrioHTEO 

173 

32? 

266 

24N 

NOPE  »C« 

•G2  total 

LINKS 

9 

M*v«Z  CCORDINATE 

12t  8Tf 

390 

linked  TO 

70 

-71 

-59 

EXPOSURE 

0 

195 

226 

UEICHTEO 

2 

196 

454 

NODE  NC. 

70  TOTAL 

LINKS 

9 

X«YtZ  COORDINATE 

5«  lOOt 

930 

LP.KEC  TO 

PI 

-71 

-76 

EaPCSURE 

0 

195 

86 

tft  IGhlED 

1 

392 

67 

N^DE  KO. 

SI  total 

LINKS 

6 

laVvZ  COORDINATE 

6*  113t 

990 

LINKED  TO 

95 

P2 

96 

-76 

EXPOSURE 

57 

49 

0 

147 

yEIGHTEO 

IlG 

SO 

I 

296 

NODE  NC« 

96  lOTAL 

LINKS 

6 

XfYfZ  CCORDINATC 

23*  126t 

330 

linked  TO 

62 

102 

95 

105 

CVPOSURC 

65 

149 

94 

0 

VCIGMTCO 

64 

ISO 

110 

1 

ttOOE  NO. 

105  TO^AL 

LINKS 

13 

IfVeZ  CCORDINATC 

36*  14S« 

330 

LINKED  TO 

•  7 

66 

90 

65 

LINKED  TO 

•79 

-95 

-92 

CXPCSURE 

61 

62 

26 

13 

E’'POSLRt 

P6 

121 

96 

%r  iG»-Tcc 

164 

126 

29 

26 

uEIGrTED 

87 

244 

194 

LCCC  NC* 

91  TOTAL 

LINKS 

6 

AtY.Z  CCORDINATC 

€4*  122* 

SIO 

LINKED  TO 

90 

6Z 

65 

06 

Exp:5UAE 

12* 

67 

95 

56 

VC  i&*«rEO 

250 

176 

192 

99 

NODE  NO. 

60  total 

LINKS 

6 

R«Y,z  coordinate 

61t  12U 

920 

LINkCC  to 

60 

P5 

69 

-61 

ckpcsurc 

29 

10 

116 

139 

WC  IG»«TCD 

60 

22 

117 

140 

NODE  NO. 

63  TOTAL 

LINKS 

7 

I.V.Z  CCORDINATC 

70*  114* 

300 

LINKED  TO 

75 

65 

60 

90 

EXPOSURE 

124 

76 

47 

96 

VEICHTEO 

250 

154 

46 

114 

NCOC  NC. 

60  TOTAL 

LINKS 

5 

R«TaZ  coordinate 

09*  110* 

300 

LINKED  TO 

71 

73 

79 

09 

CXPCSURC 

100 

109 

39 

194 

VC  IGpTCC 

202 

212 

34 

199 

NODE  KC. 

79  TOTAL 

LINKS 

9 

R.Y.Z  COORDINATE 

07*  106* 

900 

LINKED  TO 

71 

67 

77 

09 

EXPOSURE 

106 

124 

135 

207 

bC IGpTCC 

216 

125 

196 

200 

-64 

-62 

191 

54 

192 

110 

-78 

-74 

97 

127 

96 

256 

-95 

-65 

-92 

-79 

190 

54 

14C 

24 

362 

99 

262 

90 

62 

99 

91 

-69 

-66 

-93 

59 

53 

e 

146 

137 

126 

120 

166 

1 

149 

136 

296 

-67 

-77 

160 

73 

161 

146 

-67 

-90 

146 

190 

294 

191 

-77 

-61 

-•79 

161 

94 

97 

524 

59 

196 

-61 

1*6 

197 

93 

66 

•22 

-69 

•61 

191 

91 

271 

94 

109 

192 

92 

272 

196 

220 

139 


Table  A. 14.  (cont'd. ) 


N03C  *iOm  6f  rOTAC  LINKS  9 
XtV«2  COORClNATt  n2«  93«  29fl 


LINKCD  TO 

67  61 

77 

63 

62 

69 

76 

-72 

EKPC5U6C 

127  100 

160 

17* 

23* 

157 

1*3 

236 

IChTtO 

256  2C2 

161 

350 

*70 

156 

1** 

2  39 

NOrt  NO. 

76  total  links 

S 

k«Y«2  CCORCiNATt  123«  106«  300 

LIN*<iC  TO 

6*»  6* 

77 

78 

66 

-72 

-60 

-8* 

t XPCStAf 

155  190 

110 

161 

131 

113 

233 

205 

Ul 1 GHTtO 

760  191 

55500 

5*600 

39600 

79800 

23*00 

61600 

-56 

269 

560 


•65 

167 

9NOOO 


APPENDIX  B 


FORTRAN  PROGRAM  FOR  ROUTING  MODEL 

The  program  that  has  been  developed  as  a  result  of  this  research 
is  currently  running  on  a  CDC  Cyber  7400  series  machine.  The  programmed 
model  has  been  tested  on  a  ten  kilometer  area  and  was  run  for  a  35  by 
35  km  area.  The  longest  running  feature  of  the  model  is  the  line  of 
sight  calculations.  The  model  has  14  subroutines  which  are  controlled 
by  the  main  program  and  one  subroutine.  The  relationship  between  the 
subroutines  is  shown  in  Figure  B-1. 

Within  this  appendix  is  a  short  discussion  of  the  model.  The 
basic  purpose  and  operations  of  the  various  subroutines  are  given  first. 
The  arrays  in  COMMON  and  those  that  are  not  are  defined.  Also  variables 
within  COMMON  are  defined  along  with  some  which  are  used  only  in  a 
single  subroutine.  With  one  exception,  flow  charts  were  not  drawn  for 
the  model  since  the  definition  of  the  variables  and  the  comments  within 
the  program  itself  should  be  sufficient.  The  logic  of  subroutine  CLUST 
is  not  obvious,  therefore  a  flow  chart  was  drawn  for  this  subroutine. 
Lastly,  within  this  appendix  is  a  listing  of  the  Fortran  computer  code 
for  the  10  by  10  km  size  model. 

Main  Program 

The  main  program  is  an  executive  routine  that  directs  the  operation 

of  the  model.  Five  subroutines  are  called  by  the  main  program.  The 

initial  call  is  to  INDATA  which  is  a  short  subroutine  that  reads  the 

terrain  data.  After  this  call  the  main  program  groups  this  elevation 
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SEARCH 


INDATA 

MINALTdC.IK) 

HIL0ELV(IC,IK,1) 


- ^  LINKAGE 

LHSORT(KFIRST,KLAST)  -« - 

- ■  NEIGHB(NODE) 

RADIAL  - - 

— ►  DIFFER(NODE) 

1  n 

INDATA 

— •  RITE 

WRLINK 

SAVE 


Figure  B-1.  Main  Program  and  Subroutine  Relationship. 


data  into  elevation  bands.  Each  sensor  site's  elevation  is  obtained 
from  this  data  by  finding  the  sensor's  location  within  the  elevation 
data  array.  A  call  is  then  made  to  the  MINALT  subroutine  to  determine 
both  the  maximum  and  minimum  elevation  groups  within  each  elevation 
data  array  of  1  km  square.  Two  calls  are  made  to  HILOELV  subroutine; 
the  first  call  is  for  processing  the  low  elevation  band  and  the  second 
call  is  for  the  high  elevation  band.  The  next  subroutine  called  is 
LINKAGE  which  is  an  executive  subroutine  that  directs  the  routing 
process.  If  the  results  of  route  development  are  to  be  retained  for 
further  use,  then  SAVE  can  be  called. 

INDATA 

This  subroutine  only  reads  the  elevation  data  for  the  model.  The 
terrain  data  is  read  in  strips  of  1  km  wide  and  up  to  50  km  long.  The 
data  is  stored  into  arrays  of  15  by  15  data  points  and  have  a  terrain 
interval  of  70  meters  between  points.  As  each  new  strip  of  terrain  is 
needed,  a  call  is  made  to  this  subroutine. 

MINALT 

The  minimum  and  maximum  elevation  data  points  in  an  array  are 
found  and  stored  in  arrays  in  a  packed  format.  The  array  ISET  contains 
the  row  and  column  index  of  each  low  point  and  the  array  MSET  contains 
the  high  points.  The  data  is  processed  sequentially  from  the  first 
terrain  data  array  element  such  that  if  a  new  minimum  or  maximum  is 
found,  the  pointers  and  counter  are  reset. 

HILOELV 

This  subroutine  is  divided  into  two  major  parts.  An  IF  test  is 
performed  on  a  call  parameter  ILO  to  determine  whether  the  low 
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elevation  (IC,—  ,IL0=1)  or  high  elevation  data  ( —  ,IK,IL0=2)  is  pro¬ 
cessed.  The  logic  is  the  same  for  each  part.  A  call  is  made  to  CLUST 
which  identifies  disjoint  groups  of  elevation  data.  After  finding  the 
members  of  each  cluster  a  call  is  made  to  CALCEN  to  calculate  the 
cluster  center.  If  there  is  only  a  single  value  in  this  cluster, 

CLUST  is  skipped  and  CALCEN  is  called  directly.  The  values  on  these 
centers  are  then  stored  in  LOWCEN  or  HICEN  depending  on  which  type  of 
elevation  data  is  being  processed.  After  storing  these  values  a  return 
is  made  to  the  main  program. 

CLUST 

Once  the  low  or  high  data  points  are  identified  the  cluster  to 
which  they  belong  ’s  determined  by  the  beginning  and  end  of  each  data 
point  string.  The  data  points  have  been  found  sequentially;  therefore, 
the  breaks  in  adjacency  of  points  define  the  cluster  boundaries.  Since 
the  row  and  column  indexes  are  stored  by  letting  IVAL  =  (ROW  *  100)  + 
COLUMN,  subtracting  two  consecutive  values  will  indicate  whether  they 
are  adjacent.  When  all  the  members  of  a  cluster  are  found,  a  call  is 
made  to  CALCEN  to  calculate  the  centroid  of  the  cluster. 

CALCEN 

This  subroutine  calculates  the  centroid  of  the  cluster  found  in 
CLUST.  The  mean  of  row  indexes  (?)  and  mean  of  column  indexes  (X)  are 
the  values  for  the  center  of  the  cluster.  Since  the  indexes  are  integer 
values,  the  sum  of  the  indices  has  a  half  added  to  allow  for  truncation 
of  the  decimal  portion.  An  IF  test  is  made  on  the  calculated  indexes 
for  the  center  to  ensure  that  they  are  within  the  array  dimensions. 

For  debug  purposes  several  write  statements  in  this  subroutine  can  Ge^set. 


Start 


Figure  B-2.  Subroutine  CLUST, 
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WRITCL 

To  list  the  clusters  and  centers  this  subroutine  can  be  ‘called 
letting  LWRIT  >  3.  The  low  (or  high)  elevation  cluster  and  pointers  to 
the  cluster  members  are  listed.  When  this  routine  is  called,  LH  is 
checked  to  decide  whether  high  or  low  elevation  values  are  to  be  printed. 

LINKAGE 

Once  all  the  high  and  low  elevation  centers  have  been  found,  the 
main  program  calls  this  subroutine.  The  remaining  portion  of  the  model 
is  directed  by  LINKAGE.  The  first  subroutine  it  calls  is  LHSORT  to  sort 
the  high  and  low  lists  of  centers.  Then  subroutine  RADIAL  is  called  to 
determine  the  LOS  between  each  node  point  and  each  sensor.  RADIAL  also 
calculates  the  first  part  of  the  penalty  function. 

The  routine  now  processes  each  route  node  by  finding  all  other 
node  points  which  are  within  1  km.  These  other  nodes  are  the  neighbor¬ 
hood  of  points  that  have  possible  links  between  them  and  the  current  node 
being  evaluated.  Two  arrays,  LINK  and  LINKTO,  are  used  to  store  which 
nodes  are  in  the  neighborhood,  the  penalty  value  associated  with  the 
nodes  and  a  beginning  of  the  list  for  each  node.  The  high  nodes  are 
identified  by  a  minus  sign.  Having  defined  the  neighborhoods  and  penalty 
values  for  each  point  in  the  neighborhood,  the  route  node  is  selected. 
Control  is  then  returned  to  the  main  program. 

RADIAL 

This  subroutine  is  the  most  time  consuming  of  the  model.  To 
determine  visibility  of  two  terrain  points  requires  more  effort  than 
would  seem  to  be  necessary.  The  first  problem  is  to  locate  where  the 
two  points  are  in  the  terrain  data  base.  Along  the  vector  connecting 
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these  points  a  search  is  made  for  any  terrain  feature  that  would  block 
the  line  of  sight. 

The  subroutine  first  determines  whether  the  sensor  or  the  node  is 
the  westernmost  point.  If  necessary  the  logic  will  swap  the  two  points 
to  set  the  node  as  the  western  point  and  the  sensor  as  the  eastern  point. 
Having  established  the  ends  of  the  LOS  vector,  the  tangent  from  the 
horizontal  and  the  sine  and  cosine  are  calculated. 

With  those  parameter  values  the  routine  begins  the  search  along 
the  vector.  The  vector  is  tested  to  locate  its  direction.  Depending 
on  whether  it's  between  0°-45°,  45° -135°,  or  135° -180°  will  give  a 
heading  of  north,  east  or  south  respectively.  The  calculations  used 
are  given  in  section  4.3. 

The  routine  finishes  by  listing  the  exposure  values  calculated  for 
the  number  of  sensors  that  can  see  each  node.  These  values  will  then 
be  used  by  DIFFER  for  those  nodes  which  lie  along  the  route  corridor. 

LHSORT 

The  initial  point  and  the  terminal  point  are  added  to  the  list  of 
low  elevation  centers.  The  low  elevation  centers  (nodes)  are  sorted 
into  ascending  order  by  row.  This  sorting  is  to  ease  the  logic  for  the 
model.  After  the  low  centers  are  finished  the  high  elevation  centers 
are  sorted  in  the  same  manner.  Pointers  KFIRST  and  KLAST  are  used  to 
locate  the  initial  and  terminal  nodes  and  are  set  after  the  sorting  of 
LOWCEN.  The  lists  of  low  and  high  nodes  are  written  out  as  tables  before 
returning  to  LINKAGE. 


NEIGHB 


To  define  a  neighborhood  it  was  found  that  the  normal  visual  search 
pattern  Is  limited  to  1  km.  The  nodes  which  lie  within  1  km  are  considered 
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to  be  neighbors  of  the  cur  ?nt  node.  The  resulting  area  is 
a  2  km  square  with  the  principle  node  in  the  center.  Having  sorted  the 
arrays  of  centers,  only  15  rows  in  either  direction  from  the  current  row 
are  searched  for  a  neighbor.  For  any  row  that  is  searched,  only  those 
nodes  which  are  within  15  columns  on  either  side  of  the  current  node  are 
retained  as  neighbors.  When  both  the  low  and  high  centers  that  are  in 
the  neighborhood  have  been  found,  they  are  stored  for  use  by  subroutine 
DIFFER.  The  results  can  be  listed  by  having  LWRIT  >2. 

DIFFER 

For  each  neighborhood  the  distance  from  the  current  (primary)  node 
is  calculated  and  stored.  The  DIST  array  retains  the  distances  for  low 
centers  in  the  first  column  and  the  high  centers  in  the  second  column. 

The  minimum  and  maximum  distance  and  elevation  are  found  while  the 
distance  between  node  points  is  calculated.  Once  these  values  are  ob¬ 
tained  they  are  sorted  in  ascending  order  by  distance.  A  value  of 
LWRIT  >  2  will  allow  the  printing  of  these  results.  The  routine  then 
completes  the  calculation  of  the  exposure  value  for  these  nodes  using  the 
values  stored  by  RADIAL. 


RITE 

This  routine  will  write  several  of  the  large  arrays  to  temporary 
storage  if  there  are  more  values  than  the  arrays  can  handle.  These  data 
are  then  read  back  into  the  program  as  needed  on  top  of  those  values  no 
longer  needed. 


SAVE 

This  routine  will  save  the  route  and  linkage  arrays  for  plotting. 
A  TAPE  7  is  set  up  to  store  the  data  in  a  format  for  plotting  the  X-Y 
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coordinates  of  the  nodes.  The  routine  can  be  easily  modified  to  write 
any  data  that  should  be  retained. 

WRLINK 

After  the  route  has  been  found,  this  routine  will  list  the  linkage 
information  used  in  constructing  the  route.  Listed  are  the  arrays,  the 
pointers  and  nodes  with  their  exposure  values. 
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IDATA(I,J,K) 

L0WCEN(I,J,K) 

HICEN{I,J,K) 

IPOINT(I) 

ISET(I) 

MSET(I) 

CEROID(X,Y,Z) 

ISITE(I,J.K) 

INITIAL(I) 

LAST(I) 

LINK(I) 


Arrays  in  COMMON 


This  array  contains  terrain  elevation  values. 

It  is  a  three  dimensional  array  where  the 
index  K  indicates  the  map  sheets.  The  initial 
values  are  reassigned  based  on  the  equation 
given  in  section  4.2 

The  X,  Y  and  Z  coordinate  of  the  low  elevation 
nodes  are  stored  in  this  array.  Index  1  con¬ 
tains  the  Y  value,  J  contains  the  X  value, 
and  K  contains  the  Z  value. 

This  array  is  just  like  LOWCEN  except  it  contains 
the  X,  Y  and  Z  coordinate  of  the  high  elevation 
nodes . 

This  array  is  used  throughout  the  model  to  store 
pointers. 

The  row  and  column  indexes  of  each  cluster  member 
are  packed  into  this  array.  The  first  time  used 
it  contains  low  elevation  points.  The  second 
time  it  contains  the  high  elevation  points. 

This  array  stores  the  high  elevation  cluster 
members  for  use  by  ISET. 

As  the  centers  for  the  low  and  high  centers  are 
being  calculated  CEROID  is  used  to  temporarily 
store  them  before  placing  them  in  either  LOWCEN 
or  HICEN. 

The  location  of  the  sensors  are  stored  in  this 
array.  Up  to  10  sensors  can  be  used  as  cur¬ 
rently  dimensioned. 

The  location  of  the  starting  point  for  the  route 
is  entered  into  this  array. 

The  terminal  point  for  the  route  is  stored  in 
this  array. 

This  array  contains  the  pointers  to  the  entries 
of  LINKTO.  The  value  in  location  I  gives  the 
beginning  of  the  node  list  in  LINKTO  that  is 
associated  with  node  I  of  array  FROM. 
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LINKT0(I,J,K) 

FROM(I) 

TO(I,J) 

DETLO(I) 

DETHI(I) 

DISTd.J) 

SYSR(I) 

SR(I,0) 

MPOINT(I) 

IFINISH{I) 

WLIST(I) 


This  array  has  the  node  number  of  the  nodes 
linked  to  node  I  of  FROM.  J  is  the  exposure 
value  of  that  node  and  K  is  the  weighted  ex¬ 
posure  value. 

The  route  nodes  are  stored  in  order  of  occurence 
in  this  array.  If  I  is  the  tenth  entry  then 
this  node  number  is  the  tenth  nde  of  the  route. 

The  first  entry  I  contains  the  node  that  is 

reached  from  the  FROM(I)  node.  The  value  stored 
in  J  is  the  weighted  exposure  for  the  node 
traveled  to  FROM(I). 

The  visibility  value  for  a  low  elevation  node  is 
stored  in  this  array. 

The  visibility  value  for  a  high  elevation  node  is 
contained  in  this  array. 

The  distance  between  a  primary  route  node  and  the 
neighborhood  nodes  are  stored  in  DIST.  The  I 
value  is  for  low  elevation  nodes  and  the  J 
value  is  for  high  elevation  nodes. 

This  array  has  the  weapon  system  kill  radius 
in  km.  This  value  is  converted  to  the  units 
used  by  the  model.  If  the  first  value  is  zero, 
then  radar  avoidance  weighting  is  not  used. 

The  range  between  the  current  node  and  the  sensor, 
the  angle  to  the  sensor  and  the  angle  of  cover¬ 
age  are  stored  in  this  array.  This  information 
is  used  for  the  radar  avoidance  weighting. 


Arrays  not  in  COMMOH 

For  small  lists  which  need  pointers  this  array 
is  set  equivalent  to  the  last  part  of  IPOINT 
to  save  core  storage.  This  array  is  used  in 
several  subroutines  in  this  manner. 

To  keep  up  with  the  progress  of  the  LOS  cal¬ 
culations  in  RADIAL,  this  array  has  the  bits 
of  an  array  element  set  to  one  as  each  node¬ 
sensor  pair  is  completed.  The  zero  through 
nine  bit  are  used  for  low  elevation  nodes 
and  up  to  10  sensors.  The  ten  through  nine¬ 
teen  bit  are  used  for  high  elevation  nodes. 


After  the  route  is  found,  the  smoothing  routine 
stores  the  modified  route  in  this  array. 


Variables  in  COMMON 


JSTRIP  The  current  map  sheet  that  is  being  used  by  the 

model . 

KCET  The  number  of  clusters  that  are  found  is  stored 

in  this  variable  until  it  can  be  added  to  either 
NLOW  or  NHI  depending  on  whether  it  is  low  or 
high  elevation  clusters. 

NLOW  This  variable  is  the  total  number  of  low  elevation 

nodes  found  plus  the  initial  and  final  route 
nodes. 

NHI  The  total  number  of  high  elevation  nodes  found 

is  stored  in  this  variable. 

SMAX  As  the  node-sensor  combinations  are  being  processed 

the  maximum  distance  is  checked.  If  a  distance 
is  found  which  is  greater  than  SMAX  then  the 
new  value  is  assigned  to  SMAX. 

NBLKS  This  variable  is  the  number  of  data  blocks  written 

on  to  temporary  storage. 

LWRIT  This  variable  is  used  to  obtain  detail  data  on 

the  operations  of  the  model.  It  is  mainly 
used  for  checking  results.  IF  LWRIT  >  5  then 
everything  is  printed.  As  this  variable  in¬ 
creases  in  value  the  amount  of  printing  de¬ 
creases.  A  value  over  3  turns  off  the  detail 
printing. 

LDEBG  To  debug  the  clustering  portion  of  the  model  this 

variable  can  be  set  1. 

LALT  The  minimum  elevation  for  the  map  sheet  currently 

being  used. 

HALT  The  maximum  elevation  for  the  current  map  sheet. 

LH  If  LH  is  set  to  1  then  low  elevation  points  are 

being  processed.  IF  LH  is  2  then  high  elevation 
points  are  being  processed. 

SENALT  The  altitude  of  the  sensor  above  local  terrain  is 

entered  in  this  variable. 

VEHALT  The  vehicle  altitude  it  will  be  flying  above  local 

terrain.  Can  be  used  for  a  ground  vehicle  by 
setting  it  to  zero. 

NSITE  The  number  of  sensors  that  are  located  in  the  area 

of  interest.  A  maximum  of  ten  can  currently  be 
used. 
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RE 


MDIM 

GRID 

SWEA 

SWNR 

LTRS 

IRADUS 

LNEBR 

KNEBR 

IROW 

JCOL 

KFIRST 

KLAST 

IC 

IFREE 

RANGE 


This  variable  is  the  radius  of  the  earth  for  use 
in  the  LOS  calculations  to  allow  for  earth  cur¬ 
vature. 

This  variable  is  the  number  of  data  points  in  the 
terrain  data  array.  It  is  now  set  for  a  15  by 
15  array. 

The  grid  interval  (in  meters)  between  the  terrain 
data  points.  From  this  research  the  grid  inter¬ 
val  was  70  meters. 

The  easting  of  the  southwest  corner  of  the  terrain 
area  being  analyzed. 

The  northing  of  the  southwest  corner. 

The  UTM  letter  designation  for  the  grid  zone  of 
the  southwest  corner. 

The  radius  value  to  be  used  to  determine  a  neigh¬ 
borhood  of  nodes.  A  value  of  15  (1  km)  is 
currently  being  used. 

The  number  of  low  elevation  nodes  within  the 
neighborhood  for  the  current  route  node  being 
evaluated. 

The  number  of  high  elevation  nodes  within  the 
neighborhood. 

The  row  value  (y-axis)  of  the  current  route  node 
being  evaluated. 

The  column  (x-axis)  of  the  current  route  node 
being  evaluated. 

The  location  of  the  initial  route  node  within  the 
LOWCEN  array. 

The  location  of  the  terminal  or  destination  node 
within  the  LOWCEN  array. 

The  number  of  nodes  that  the  route  passes  through. 

The  total  number  of  linkages  that  were  found  as 
the  route  was  being  developed. 

The  range  at  which  the  weighting  scheme  narrows 
the  search  area  down.  When  the  terminal  point 
is  within  1  km  of  the  current  position  the 
field  of  view  is  narrowed  down  to  90°.  Node 
points  outside  these  parameters  have  a  higher 
weight  assigned  to  them. 


KMAT 


The  maximum  number  of  terrain  data  arrays  in 
the  north-south  direction  is  assigned  this 
variable. 

ISTRIP  This  variable  is  set  equal  to  the  number  of 

map  sheets  being  used. 

JMAT  The  current  array  within  a  map  sheet  that  is 

being  used  by  the  model. 

RATE  The  distance  between  terrain  points  in  the  data 

base  that  are  being  used.  In  this  research 
every  data  point  is  used  thus  RATE  is  set  to  one. 
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Subroutine  RADIAL  Variables 


NORTH 

SOUTH 

EAST 

WEST 


These  variables  are  the  map  sheet  boundaries  and 
the  names  correspond  to  the  boundary  edge. 


zcURVE  This  parameter  is  a  logical  value  that  be 

set  if  curvature  of  the  earth  is  used  for  LOS 
calculations. 


DZ 


The  amount  of  curvature  that  is  present  when 
correcting  for  earth  curvature. 


XSIT.XP 

YSIT,YP 

ZSIT.ZP 

KSIT 


These  variables  are  the  X,  Y  and  Z  coordinates 
of  the  sensor  that  is  currently  being  used  in 
'the  LOS  calculations.  The  KSIT  value  is  the 
integer  value  of  XSIT. 


XSl  These  variables  are  the  X,  Y  and  Z  coordinates 

YSl  of  the  current  node  being  processed  by  RADIAL. 

ZSl  The  KSl  is  the  integer  value  of  XSl. 

KSl 


XSP 

YSP 

ZSP 


The  difference  between  the  sensor  and  node  are 
found  for  each  coordinate  and  stored  in  these 
variables. 


DIS 

RMAX 

R 

TM 


This  variable  is  the  vector  distance  between  the 
sensor  and  node  in  the  X-Y  plane.  RMAX  is 
set  equivalent  to  DIS. 

This  variable  is  the  vector  distance  from  the 
node  to  the  terrain  point  in  the  data  base 
that  LOS  is  being  checked. 

The  tangent  to  the  eastern  point  from  the  hori¬ 
zontal  is  stored  in  this  variable. 


T  The  tangent  to  the  terrain  is  calculated  and 

stored  in  variable  for  comparison  with  TM. 

YWEST  The  Y  component  of  the  tangent  T  on  the  west 

map  edge  is  contained  in  this  variable  to 
correct  for  vector  crossing  map  sheets. 

Z  The  elevation  of  the  current  terrain  point 

being  checked  for  masking  is  assigned  to 
this  variable. 
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ZNORTH 

ZSOUTH 


IDXJDY 


EASTl 

NORTHl 

EAST2 

NORTH2 


DRANG 


KZMIN 


The  sine  of  the  azimuth  angle  measured  clockwise 
from  north  for  the  node-sensor  vector  is  stored 
in  this  variable. 

This  variable  is  the  cosine  of  the  azimuth  angle. 

These  variables  are  logical s  to  indicate  whether 
the  vector  is  heading  north  or  south. 

This  variable  is  the  array  within  the  map  sheet 
where  the  terrain  point  is  located. 

These  variables  are  the  x  coordinate  for  the 
current  terrain  point. 

These  variables  are  the  y  coordinate  for  the 
current  terrain  point. 

These  variables  are  the  increment  in  X  and  Y 
respectively. 

This  variable  is  used  to  check  for  completion  of 
a  sensor-node  pair. 

The  sensor  bit  in  IFINISH  is  set  by  using  the 
exponent  of  2  corresponding  to  the  bit  location 
in  the  computer  word. 

This  variable  is  the  number  of  radians  to  degrees. 

The  easting  and  northing  of  the  beginning  of  a 
route  segment  or  path  leg  along  the  route. 

The  easting  and  northing  of  the  end  node  of  the 
route  segment  that  begins  at  EASTl , NORTHl . 


Subroutine  DIFFER  Variables 

The  minimum  distance  between  any  node  in  the 
neighborhood  of  the  current  route  node  being 
processed. 

The  maximum  distance  between  any  node  in  the 
neighborhood  of  the  current  route  node  being 
evaluated. 

The  difference  between  DMAX  and  DMIN  is  assigned 
this  variable. 

The  minimum  elevation  for  any  node  in  the  neigh¬ 
borhood  for  the  route  node  being  evaluated. 


KZMAX 


The  maximum  elevation  for  any  node  in  the  neigh¬ 
borhood  for  the  route  node  being  evaluated. 


KZRANG 

NWEIG 

I  FLAG 

NPEN 

LPEN 

NEWPT 
XI, IX 

YJ.JY 

KANG 

lANG 

lAK 

RANG 

RA 


The  difference  of  KZMAX  less  KZMIN  is  assigned 
this  variable. 


Subroutine  LINKAGE  Variables 


This  variable  is  the  weight  a  node  point  has 
because  of  its  location  with  respect  to  the 
current  route  node. 

If  the  procedure  cannot  find  any  node  points 
in  a  neighborhood  of  a  route  point,  the  recti¬ 
linear  distance  for  a  neighborhood  is  doubled. 
I  FLAG  is  then  set  to  -1  and  the  model  stops 
if  no  nodes  still  cannot  be  found. 

This  variable  is  the  weight  exposure  value  the 
penalty  function  calculates  for  the  node  in 
the  neighborhood. 

This  variable  is  used  to  store  the  current  mini¬ 
mum  NPEN  that  has  been  found. 

The  node  in  the  neighborhood  with  the  current 
minimum  exposure  is  assigned  to  NEWPT. 

The  X  coordinate  difference  between  the  route 
node  and  the  neighborhood  node  is  stored  in 
these  variables. 

The  Y  coordinate  difference  for  the  same  two 
nodes  as  XI  above. 

The  angle  at  which  the  terminal  node  lies  from 
the  current  route  node  is  measured  from  the 
x-axis  and  assigned  to  KANG. 

This  angle  is  the  direction  of  a  neighborhood 
node  from  the  route  node. 

This  angle  is  the  difference  between  KANG  and 
lANG. 

The  range  from  the  route  node  to  the  terminal 
node  is  stored  in  this  variable. 

This  range  is  from  the  route  node  to  the  neigh¬ 
borhood  node. 
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PROGRAM  SEARCH(INPLT=/80fOLTPUT=/137tTAFE5=IMPUTt 
1  TAPEferOUTPUTfTAFETtTAPEetTAPEn) 

CCMMOM/ICAT/  KMAT»ISTRIP»IDATA(15»lf»10> 

CCMMON/LCENT/  LOyCEN(250«3)«HICEN<250»3)fKCET«NLOW»NPl* 

1  SMAX»LyRITtLDEBG»JMAT*JSTRIP»LH 
CCMMON/POINT/  IMTIAL(3)»LAST(3)»IP01N7<2EO)t 
1  IsrT(250)fMSET(250)»CEROIC(250»3) 

COMHON/SENVEh/  LALT,I-ALT,SENALT,VEHALT,IFREE«6RIC* 

1  SUEAtSyNR flTRS 

COMMON/SRAD/  RANGE*RE$M0IM,RATEfNSITE,ISITE(10t3)»SYSR(10) 
INTEGER  l-ALT,CERCID*HICEN*6RlO«SyEA,SyNR,SAVETP 
INTEGER  SENALT* VEHALT 

DATA  INT*KMATiISTRIP*GRlC»RANGE/10»lCtl0»70*l<f  .3/ 

DATA  KCET,LyRIT.LOEBGtNLOy  tN'Hl/Of  1»1«C»0/ 

***  KMAT  IS  SET  UP  FOR  1C  ARRAYS  WITHIN  A  STRIP  OF  DATA  ** 

***  ISTRIP  IS  SET  UP  FOR  10  STRIPS  ** 

NSITE  =  3 
LyRIT  =  3 
LDEBG  =  1 

***  READ  INPUT  DATA  ** 

REAC(5t9C0)  ISTRIP»KMAT,SAVETP»LyRIT»LCEEG 
READ<5f901)  INTtGRIDiLTRStSyEAtSwNR 

READ  <5«9C2  )  SEN ALT ♦ VEH ALT , IR ACUS tR ANGE tRE »R AT E « MD  IM 
READ  (5  1 903)  IMTIAL(2)»IMTIAL(l)tIMTIAL(3> 

READ<5t903)  LAST(2)»LAST(l)tLAST(3) 

FEAD(5.904)  NSITE 
IFINSITE  .GT.  10)  GO  TO  1200 
ICO  DO  125  I=1*NSITE 

READ  (5*903)  IS  1 TE ( I  *  2  )  *  I S  I TE (  I  *  1 )  *  I  S I T E ( I  *  3 ) 

REA0<5»905)  SYSR(I) 

125  SYSR(I)  =  SYSR (I  )*1COC.O/GRIO 

yRITE (6*910) 

DC  1000  UK=1*ISTRIP 
JSTRIP  =  JK 
CALL  INDATA 

***  GROUP  DATA  INTO  ALTITUDE  BANDS  ** 

***  INT  IS  the  banc  interval  ** 

•**  UMAT  IS  THE  MATRIX  BEING  SUBDIVIDED  FOR  ANALYSIS  ** 

CO  660  1=1*15 
DO  660  J=l*15 
CO  660  K=1*KMAT 

660  ICATA(I*J*K)  =  (((IDATA(I*J*K)-1)/INT)*1NT)'*INT 

***  FIND  THE  LOCATION  OF  THE  SENSCRS  IN  THE  TERRAIN  DATA  ** 
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7C0 


501 


C 

c  *  *  * 
c  *  *  * 

c 

675 


SCO 

1000 


1100 


1200 


DO  700  I=1»NS1TE 
ICOL  =  JK*15 
N'X  =  ISITE(I»2> 

IF(NX  .GT.  ICCL)  GO  TO  700 
ICOL  =  (JK-1)*15 
IF(NX  ,L7.  ICOL)  GC  TO  700 
N’X  =  NX-(JK-1)*15 
NY  =  ISITE  (I«l  ) 

NZ  =  (NY-1)/15 
NY  =  NY-NZ*15 
NZ  =  NZ+1 

ISITE(I,3)  =  1DATA(NY,NX,NZ) 

CONTINUE 

IF  (LWRIT  .LE.  A)  GO  TO  675 
DO  501  Ksl.Kf'AT 
WR ITE(6»911 ) 

WRITE(6*912)  ((IDATA(I,J,K),J=1»15)»I=1»15) 
WRITE(b,910) 

I'INALT  FINDS  F'IN  AND  I'AX  ELEVATION  IN  EACH  ARRAY  ** 
hILCELV  CVERSEE  the  CLUSTERING  OF  ELEVATION  BANDS  ** 


CO  8G0  o'J=l»KMAT 
JMAT  =  JJ 
IC  =  1 
IK=1 


CALL  MINALT ( IC»  IK  ) 

CALL  HlLCELVt  IC«IK »1 ) 
IF<IC  .EG.  225)  GO  TO  800 
CALL  HILOELV ( IK ♦ I K  ,2) 
CONTINUE 

continue 


ISTRIPtKMATfSAVETPfLWRITfLDEEG 

INT,GRIC»LTRS»SWEA,SWNR 

SENALT»VEHALT»IRADUS»RAN6E»RE»RATE»M0IH 

INITIAL(2)*INITIAL(1)»IMTIAL(3) 

LAST(2)*LAST<1),LAST(3) 


WRITE(6»910) 

WRITE<6»915) 
hRITF(6i916) 

WRITE(6tS17) 

WRITEC6,=18) 

WR ITE{6»S19) 

WR  ITE{6,913  ) 

DO  1100  I=1*NSITE 

WR1TE(6»S20)  ISITEtI»2)tISITE(I»l)*ISITE(If3)fSYSR(I) 
CALL  LINKAGE 

IF(SAVFTF  .ST.  O)  CALL  SAVE 
STOP 

WRITE(6»914)  NSITE 
NSITE  =  10 
GC  TO  ICC 


900  FCRMAT(5I5) 

901  FORMAT f2I5«lCX«A2t2I4) 

902  FCRMAT<3I5»3F10.3«I5) 

903  F0RMAT<3I10) 
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90<t  FORMAT<I5) 

905  FORMATJF10.2) 

910  FORMATdH) 

911  FORMAT{/10X»*ALT1TUDE  ARRAY*/) 

912  F0RMAT(15(1X*I6)  ) 

91.3  FORMAT{20X**£EKSOR  L  OC  A  TI  OK  */2A  X  ,  *X  *  .  7  X  .  *  Y*  ♦  7X  ,  *Z  *  ♦ 

1  7X,*SYS  R*) 

91A  FORMAT (/////5X» *NUNBER  OF  SITES  GREATER  ThAM  10  -**16/ 
1  6X**NSITE  SET  TO  10*) 

915  FORMAT (//20X**INFUT  DAT A */2 0 X « *  I S TR I P  KMAT  SAVETP  *« 

1  *LWRIT  LCEBG*/  2 0 X * 5 ( 1 5 *  1 X  )  ) 

916  FCRMAT(/20X«*RT  GRID  LTRS  SWEA  SUAR*/ 

1  20X«2(I5«lX)«A2t2(lX«15)) 

917  F0RMAT</20X» *SENALT  VEHALT  IRAOUS  RANGE  RE**10X* 

1  *RATE  MD1M*/20X,3(I5»1X),F8.3«1X*F10.2»1X*F8.3*1X,I6) 

918  FORMAT  </20X»*IMTIAL  POINT  ON  ROLTE  -  X*Y,2*/ 

1  20Xt3( I6«2X)  ) 

919  FORMAT(/20X**CESTINATION  POINT  FOR  ROUTE  -  X,Y*2*/ 

1  20X«3(  !6«2X)) 

920  FORMAT(20X*3<I5*3X) «F10.3) 

END 


SUBROUTINE  H  ROE  LV  <  I  C  « I  K  »  ILO  ) 


C  ***  THIS  SUBROUTINE  CONTROLS  HIGH/LOU  CLUSTERING  ** 


C  ***  IC  IS  THE  MJRBER  OF  i^EHEERS  IN  LObCEN  ** 
C  ***  IK  IS  THE  NURBER  CF  HEMBERS  IN  HICEN  ** 
C  LOWCEN  CONTAINS  THE  LOW  ELEVATION  CENTRCICS  ** 
C  ***  HICEN  CONTAINS  THE  HIGH  ELEVATION  CENTRCICS  ** 
C  ***  NLOW  IS  THE  NUMBER  OF  LOWCEN  CENTROIDS  ** 
C  ***  NHI  IS  THE  NUMBER  CF  HICEN  CENTRCICS  ** 
C  ***  KCET  IS  CURRENT  COUNT  OF  CLUSTER  MEMBERSHIP  ** 
C 

COMMON/ICAT/  KMAT,ISTRIP,IOATA(15»1E«10) 


COMMON/LCENT/  L CWCE N (25 0 » 3 ) « H I CE N ( 2 5 0 « 3 ) tKCET  *NLOW *NH I 
1  SMAXRWRIT#LDEBG»JMAT  tJSTRIPtLH 
COMMON /POINT/  INITIAL(3)»LAST(3)»IPOINT(250)» 

1  ISET(25C>»MSET(250)«CEROID(250»3) 

COMMON/SENVEH/  LALT»HALT»SENALT«VEhALT,IFREEtGRID« 

1  SWEA,SWNR«LTRS 
INTEGER  halt »CERCID, HICEN 
C 

IFdLC  .EG.  2)  GO  TO  20 
C 

C  ***  PROCESS  LOWCEN  ** 

C  ***  IF  IC=1  ONLY  CNE  VALUE  WAS  FOUNDR  MEMBERSHIP 
C  ***  IF  IC=225  THEN  ALL  THE  ELEVATION  VALLES  ARE  THE  SAME 
C  ***  THE  SAME  LOGIC  IS  USED  FOR  IK 
C 

LH  =  1 

IFCIC  .EG.  1)  GO  TO  500 
IF(IC  .EG.  225)  GO  TO  550 
CALL  CLUST(IC) 

GO  TO  610 
500  IPOINT(l)  =  1 
GO  TO  600 

550  IPOINT(l)  =  113 
600  CALL  CALCEN(l) 

610  CONTINUE 
C 

C  ***  STORE  NEW  MEMBERS  ** 

DO  625  L=lfKCET 
LOUCEN(NLOW>L»l)  =  CEROID(L*l) 

LOUCEN(NLOW^L»2 )  =  CEROIC(L»2> 

625  L0WCEN(NL0W-»L«3)  =  CER0IC(L«3) 

NLOW  =  NLOW+KCET 
KCET  s  C 
CC  650  L=li250 
ISET<L>  =  0 
650  IPOINT(L)  =  D 
RETURN 
C 

C  ***  PROCESS  HICEN  ** 


DO  100  I=1,IK 
100  ISETd)  =  MSET(I) 

IF (  IK  .EG.  1  )  GO  TC  700 
IF(IK  .eg.  225)  GO  TC  750 
CALL  CLUST(IK) 

GO  TC  810 
7C0  IPOINT(l)  =  1 
GO  TC  800 

750  IPOINTCl)  =  113 
PCO  CALL  CALCEN(l) 

810  CONTINUE 

***  STORE  NEW  MEMBERS  *• 

DC  825  L=1«KCET 
HICEN  (NI-I-»L»1 )  =  CEROIO(L»l) 
HICEN(NHI-«'L*2>  =  CEROIDCL*2> 
825  HICEN(NHI^L»3)  =  CEROID(L.3) 
NHI  =  NHI+kCET 
KCET  =  0 
DC  850  L=l»250 
ISET(L)  =  0 
85C  IPOINT(L)  =  0 
RETURN 
END 
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*  *  * 


f  DO 


SUBROUTINE  IND^TA 

COMMON/ IDAT/  KMAT.ISTRlPflCATAdSflStlO) 

COMMON/LCENT/  LOUCEN(250»3)«HICE\<250»3)*KCETfNLOW*Nl-I« 
SMAX»LURIT,LCEBGtJMAT*OSTRlP»LH 
INTEGER  HALT 

READ  INPUT  TERRAIN  DATA  ** 

REA0(8)  LALT,HALT 
CO  600  IMAT=1*KMAT 

READCB)  ((IDATA(IRCW»IC0L»lMAT)»IR0W=l«15)tIC0L=l«15) 

RETURN 

END 


oooo  oooo 
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C 

c  *  ♦ 
c  * ** 
c  ★  *  ♦ 

c 


1 

1 


5 

20 


c 

c  ♦  ♦  ♦ 
c  ♦  *  * 
c  *  *  * 
c  *  *  * 

c 


fe25 


*  *  « 
*  *  * 


650 

660 


#  *  * 
«  «  * 

7C0 

750 

SCO 
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SUBRCUTUE  VINALT  (IC,IK) 

This  SUBROUTINE  FINDS  THE  MIN  AND  MAX  ELEVATION  ** 

BANDS  IN  EACH  oMAT  ARRAY  OF  IDATA,  IVAL  IS  THE  ** 

ARRAY  ELEMENT  THAT  IS  BEING  CHECKED  FOR  MIN/MAX  ** 

CQWMON/LCENT/  LCkCEN(?50*3)fHICEN(250»3),KCET,NLCU»N>I* 

SMAXtLWRIT  »LDEEG» JMAT« JSTRIP*LH 

COMMON/POINT/  IMTIAL(3)«LAST(3)»IPCINT(25C)»  ... 

ISET(250)»MSET(25C)tCEROID<250»3)  1 

COHMON/IDAT/  KM  AT » I S TR IP ♦ I D AT A ( 1 5 ♦ 1 5  *  1 0 )  [| 

INTEGER  CEROICfHICEN  | 

DC  5  I=l«250  -  a 

MSET(l)  =0  1 

ISET(I)  =0  i 

IFF  =  1  a 

IL  =  15  I 

JF  =  1  I 

JL  =  15  I 

MIN  VAL  =  99S999  1 

MAX  VAL  =  -999999  J 


FOR  IVAL  ** 
A  POSITIVE  VALLE  INDICATES  IVAL  OUTSIDE  CLUSTER  ** 
A  ZERO  value  -  IVAL  IN  CLUSTER  ** 
A  NEGATIVE  VALUE  INDICATES  A  NEb  CLUSTER  ** 


i 


DC  8CC  I=IFP»IL 
DC  800  J=JF,oL 
IVAL=IOATA<I,J*JhAT) 

IFdVAL  -  MIN  VAL)  700*7B0»625 
IF(MAX  VAL  -  IVAL)  650*f>fe0*e00 

STORE  INDICES  FOR  I  AND  J  WITH  mAXI»'AL  VALUE  IN  MSET  ** 
IK  IS  A  COUNT  OF  THE  VALUES  FOUND  ** 

IK  =  0 

MAX  VAL  =  IVAL 
IK  =  IK+1 

MSETdK)  =  I*100^J 
GO  TO  8CC 


STORE  INDICES  FOR  I  AND  J  WITH  MINIMAL  VALUE  IN  ISET  ** 
IC  IS  A  COUNT  OF  THE  VALUES  FOUND  ** 

IC  =  0 

MIN  VAL  =  IVAL 
IC  =  IC>1 

ISET(IC)  =  I*1004J 

CONTINUE 

RETURN 

END 
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SUF.ROUTINE  CLUST(IC) 

COMMON/LCEM/  LOwCEN(25  0*5)»HICEN(25  0  »3)»KCET»NLOW*NHl, 


1  SMAX»LWRIT»LDERG»JMAT»JSTRIP»LH 
COMMON/PCINT/  IMTIAL(3)»LAST(3)»IPCIM(260)t 
1  ISET<250)*MSET<250)fCEROIC(250»3) 

INTEGER  CEROID»HICEN 
C 

C  ***  THIS  SUPROUTINE  FINDS  ThE  HEI^BERS  CF  EACH  CLUSTER  ** 

C  ***  IPOINT  STORES  THE  INDEX  OF  ISET  FOR  THE  CURRENT  CLUSTER  ** 
C  ***  I  IS  THE  BEGINNING  OF  ThE  ISET  CLUSTER  ** 

C  ***  J  IS  THE  CURRENT  VALUE  IN  ISET  BEING  EVALUATED  ** 

C  ***  FOR  INCLUSION  IN  THE  CLUSTER  ** 


C 

1  =  1 
30  K  =  1 

IPOINT ( 1  )  =  I 
35  U  =  !♦! 

AO  IVAL  =  ISET(U)-ISET{I) 

52  IF((IVAL.EG.1).CR.(IVAL.EG.S5).OF.(IVAL.EG.100).CR. 

1  (IVAL. EC. 101  ))  GO  TO  60 

C 

C  ***  TRUE  -  INCREMENT  I  ** 

IFdVAL  .GT.  ICl)  GO  TO  5A 
C 

C  ***  TRUE  -  J  IS  PAST  LAST  ENTRY  ** 

IFdVAL  .LE.  0)  60  TO  82 

J  =  U  ♦  1 

IF(  0  .GT.  (1+16))  GC  TO  70 
GO  TC  AC 

5A  IF<(  I-H)  .EC.  J)  GO  TO  85 
I  =  I-»l 
GC  TO  35 
C 

C  ***  PLACE  IVAL  INTC  CLUSTER  USING  ITS  INDEX  •* 

C 

60  DC  62  L=UK 

62  IF(IPCir,T<L)  .EG.  U)  GO  TO  6A 
K  =  K  +  1 
IPOINT(K)  =  U 
6A  o  =  vj*l 
GO  TC  AC 
C 

C  ***  NO  CHANGE  IN  K  INDICATES  THAT  NO  NEw  ^EMBERS  EXIST  ** 
•^0  IF  (K  .EG.  1  )  GC  TO  T5 
I  =  !♦! 

GO  TO  35 
C 

C  *•*  ISOLATED  POINT  *** 

75  CALL  CALCEN(l) 

I  =  !♦! 

IFd  .GT.  IC)  RETURN 
GO  TO  30 


J'v  t-'-:  ^  - 
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£2  IF{(I*1)  ,LT.  IC)  GO  TO  84 
DC  83  I =1  ,K 

83  IF(IPCINT<L)  .EQ.  (J-D)  GC  TO 
I  =  1  +  1 

IF(I  .GT.  1C>  GO  TO  90 
GO  TO  35 
8h  I  =  I+l 
GC  TO  35 

S5  CALL  CALCEN(K) 

I  =  1*1 
GC  TO  30 

**  END  CLUSTER  *** 

90  CALL  CALCEN(K) 

RETURN 
END 


167 


C 

c  ♦  ♦  * 

c 


c 

c  *** 
c  *  ♦  ♦ 

c 


c 

c  ♦  *  * 

c 


100 

c 

C  It  *  a 

c 


c 

c  ♦  *  * 


10 

c 
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SUEROUTINE  CALCEM(K) 

CETERMIME  THE  CEMRCID  OF  THE  CLUSTER  *** 

COMMON/ICAT/  KMATtISTRIP»IDATA{lE,15»10> 

COMMON/LCENT/  LCUCEN(250«3)tHICEN(2?C»3)»KCET,NLCW*NHl» 
SI«AX»LWRIT»LOEBG»JMAT,JSTRIP«LH 
COMMON /POINT/  IMTIAL(3)»LAST(3>»IPCINT(260)» 
ISET(250)»MSET<25C)»CERCIC<250»3) 

COMMON/SENVEH/  LALT,HALT,SENALT«VEHALT»IFREE»GRID» 
SWEA»SWNR»LTRS 
INTEGER  CEROICfHICEN^HALT 

INUM  IS  THE  RCW  INDEX  -  Y  COORD  ** 

JNUM  IS  THE  COLUMN  INDEX  -  X  COORD  ** 

KDUM  =  0 
JNUM  =  0 
INUM  =  r 
KCET  =  KCET-^I 

CALCULATE  THE  MEAN  VALUES  ** 

DC  100  L=1»K 
LL  =  IPCINT(L) 

KOUM  =  ISET(LL)/10C 

JNUM  =  (ISET<LL)  -  ‘<DUM  *1C0)  ♦  JNUM 
INUM  =  KDUM  ♦  INUM 

THIS  CALCULATION  ACCS  A  HALF  TO  ALLCU  FCR  TRUNCATION  ** 

JNUM  =  (2*J\LM4.k)/(2*K) 

INUM  =  (2*I\LM-»K  )/(2»K) 

IFIJNLM  .GT.  15)  ^NUM=15 
IFdNUM  .GT.  15)  INUM=15 

NEED  TO  STORE  WHICH  ARRAY  IS  BEING  PROCESSED  ** 

IROU  =  ( JMAT-1 ) *15^INUM 
ICOL  s  ( JSTRIP-1)*15*JNUM 
CEROID (KCET,  1 )  =  IROh 
CEROID  (KCET, 2  )  =  ICOL 

CEROID  (KCET, 3  )  =  ID  A T A ( I NUM  ,  JNUM , J M A T ) 

IF(LWRIT  .LE.  3)  GC  TO  10 
CALL  URITCL(K) 

IF(LDEPG  .EQ.  1)  RETURN 

WRITE  (6,900  )  KDUM,^STRIP,JMAT,INLM,JN'LM,KCET, 

CEROID (KCET,1),CER0ID(KCET, 2), CEROID (KCET, 3), IROU,  ICOL 
FORMAT(10X,*KCU''  JSTRIP  wMAT  INL'V  JNLM*,2X, 

*KCET  CEROin( I , 1  )  , ( I ,2) , (  I  ,3  )  IROW  ICOL*/ 
lOX, 6(15, IX), 5X, 3(16, 2X), 2(15, IX)) 

WR1TE(6,9C1)  NL0W,NHI,LALT,HALT,LH 
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SUEROUTIME  iJRITCL(K) 

***  THIS  SUtROUTIN'E  WRITES  RESULTS  OF  CLUSTERING  ** 

***  LH  -  1  IS  LOWCENt  2  IS  HICEN  ** 

COMMON/LCENT/  LCWCEN{250»3)»HICEN (250*3) »KCET»NLOW»NHl» 

1  smax*lwrit*lceeg»jm^t*jstrip*lh 

COHMON/PCINT/  INITIAL(3)»LAST(3)*IFOINT(250)* 

1  ISET(250)»'1SET(250)»CERCID(250»3) 

INTEGER  CERCIDtHICEN 

DATA  NEXT»NEXTL»NEXTH/1,1*1/ 

NEXT  =  NEXTL 

IF(LH  .EG.  2)  NEXT=NEXTH 
WRITE  <f  *90  0  ) 

900  FCRMAT(///) 

IF<LH  .EG.  1)  WRITE(6*9G1) 

IF(LH  .EQ.  2)  WRITE(6»902) 

9C1  FORMAT<//10X**LOW  ELEVATION  CLUSTER*//) 

902  FCRl^AT(//10X»*HIGH  ELEVATION  CLUSTER*//) 

WRITE  (fc.903)  NEXT*K 

WRITE  (6*904)  (TPOINT(  I)*I  =  1*K) 

903  format  (5X**CLUSTER  NUMBER  **14/ 

1  5X**T0TAL  MEMEERS  IN  CLUSTER  **I3/) 

904  F0RMAT(5X**PCINTERS  TO  CLUSTER  MEME E R * / 1 C ( 2X *  1 8 ) ) 

M  =  IPCINT(l) 

N2  =  I  POINT  (K) 

WRITE  (6*905)  (  I SE T (  I ) *  I  =  M * N2  ) 

WRITE  (  6*9  06  )  NE X T * C E RO I D ( K CE T *  2 ) * CE R C I D ( KC E T *  1  )  * 

1  CER0ID(KCET*3) 

905  FCRMAT(/5X**FACKED  CLUSTER  LOCATION  R C w - C C L UMN * / 1 0 ( 2 X  *  I  8 ) ) 

906  FORMAT(  //  5X**CEN'TER  OF  CLUSTER  NUMBER  **14/ 

1  5X**X-C00RD**  14**  Y-COORC**  14* *  Z-CCORD* *  I  4/// ) 

NEXT  =  NEXT*1 

IF(Lh  .EG.  1)  NEXTL=NEXT 

IF(LH  .EG.  2)  NEXTH=^EXT 

RETURN 

END 
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SUBROUTINE  LINKAGE 
C 

C  ***  LINKAGE  ROUTINE  ** 
C  ***  IPCINT  HAS  LIST  OF  NEIGHEORHCOD  POINTS  ** 
C  ***  NODE  -  NODE  NUKBER  OF  POINT  BEING  EVALUATED  ** 
C  ***  NLOW  -  NUMBER  OF  POINTS  IN  LOWCEN  ** 
C  ***  NHI  -  NUMBER  OF  POINTS  IN  HICEN  ** 
C  ***  LNEBP  -  POINTS  IN  NEIGHECRHOOO  FOR  LCUCEN  ** 
C  ***  KNEBR  -  POINTS  IN  NEIGHBORHOOD  FOR  HICEN  ** 
C 


COMMON/LCENT/  LOWCEN(250»3)*HICEN(250»3)tKCET,NLOWtNHl» 

1  SMAX*LURIT»LDEBG» JMATt JSTR  IPfLH 
COMMON /POINT/  INITIAL (3 )*LAST(3)t IPCINT  (250  ) 

COMMON/ SENVEH/  LALT* HALT* SEN  ALT, VEHALTtIFREE* GRID* 

1  SUEA*SUNR*LTRS 

CCMMON/SRAD/  RANGE*RE*MDIM*RATE*NSITE*ISITE(10*3)*SYSR(10) 
CCMMON/KINK/  LI NK< 25 0)*LINKTO( 1500*3) *NBLKS*IC* 

1  IRADLS*LNEeR*KNEER 

CCMMON/DET/  CETLO(250)*DETHI(250)*FRCM(250)*TO(250*2) 
COMMON /EDGE/  DISK  100*2  )*IRCW*JC  CL  *LSTR 
dimension  MPCINT{12b)*SR(10*3)*NLIST(250) 

INTEGER  HICEN*G'?IC*FR0M*T0*SUEA*SWNR 
INTEGER  EAST1*EAST2 

equivalence  (IF0INT<126)*MF0INT(1)) 

DATA  IRADUS/15/ 

DATA  CETLO*DETHI/500*0/ 

DATA  SMAX*RTCC/1 00. 0*57. 295 77951 31/ 

C 

NBLKS  =  OLDS  =  1 
IFREE  =  KFIRST  =  KLAST  s  0 
LTOTAL  =  0 

***  SORT  LOWCEN  AND  HICEN  ** 

CALL  LHSCRT(KFIRST*KLAST) 

***  DEVELOP  NETWORK  ** 

CALL  RADIAL 
DC  10  1=1*250 
FROM(I)  =  0 
TO(I*l)  =  0 
10  T0(I*2)  =  0 

CONSTRUCT  ROLTE 

15  1C  =1 

NODE  s  KFIRST 
NEWPT  =  NODE 

*•*  FIND  NEIGHBORHOOD  ABOUT  A  LOW  POINT  ** 
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20  IROW  =  LOWCEN(NODE«l  ) 

JCOL  =  LOWCEN  (NODE»2  ) 

LCyCENJNCDE»l)  =  - ( 1  C 0 0 0  0  0 ♦ I RO W  ) 

LOUCEN  (NODE  f  2  )  =  >  (  1  0 00 0 0  0-»  JCO L ) 

CALL  NEI6HB<K0DE) 

CALL  DIFFER<NODE) 

C 

30  FROW(IC)  =  NEyPT 

IFCLURIT  .LE.  2)  6C  TO  3? 

UR ITE(6f921 )  NCOEt JCCLtIROWtNEWPTtLPEN*  IC 
35  XI  r  LAST(2)-wC0L 
Yu  =  LAST(l)-IROW 
KANG  r  RTOD* (A7AN2 ( YJ»XI  ) ) 

RANG  =  SGRT(XI**2  ♦  YJ**2) 

DO  50  1=1»NSITE 

XI  =  ISITE(  It2)-JC0L 

YvJ  =  ISITEC  T»l)-IROW 

SRdflJ  =  SQRT<XI**2  ♦  Yu**2) 

IF((XI  .EG.  C.O)  .OR.  (SR(I«1)  .EG.  0))  GO  TO  50 
SR(I*2)  =  RTCD* (ATAN2 ( YJ»X I  )  ) 

SR(It3)  =  A6S(RTOD*(ATAN2(SYSR(I)»SR(I»l)))) 


50  CONTINUE 
C 

C  ***  FIND  ^'IN  PENALTY  VALUE  ** 
C  ***  ANGLE  HEADING  IS  MEASURED  FROM  X-AXIS  *• 
C  ***  lAK  ANGLE  IS  MEASURED  FROM  HEADING  ** 
C  ***  THREE  weighting  SCHEMES  ** 
C  ***  HEADING*  RADAR  AVOIDANCE.  TERMINAL  ** 


C 

LFEN  =  IGOOOCO 
LA  =  LINK  (I C) 

LE  =  LINK { IC  +  1  )-l 
IF(L5  .LE.  0)  L6=IFREE 
CO  200  LL=LA,LB 
NO  =  LINKTOILLfl) 

IF(NJ  .LT.  0)  GO  TO  120 
IX  =  L0UCEN(NJ.2) 

JY  =  LOWCEN(NJil) 

60  TO  125 

120  IX  =  HICEN<-NJ»2) 

JY  =  HICEN(-NJ.1> 

125  XI  r  IX-jCOL 
YJ  =  JY-IRCU 

RA  =  SQRT(XI**2  ♦  YJ**2) 
lANG  =  RTC0*(ATAN2(YJ.XI  )  ) 
lAK  =  IAN6-KANG 
IFCIAK  .6T.  1«0>  IAK=360-IAK 
IF(IAK  .LT.-180)  IAK=360^IAK 

**•  HEADING  WEIGHTING  ** 

NUEIG  s  (IA9S(IAK))/90^1 


I 

( 
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1F(RANC'  .67. RANGE)  GO  TO  130 

***  TERMINAL  WEIGHTING  ** 

NWEIG  =  2*(IABS( IAK>/A5)*1 
IF<RA  .GT.  RANG)  NWE IG  =  1 0C*NWE  16 
GO  TO  150 

***  RADAR  AVOIDANCE  WEIGHTING  ** 

130  IF(SYSR<1)  .LE.  0.0)  GO  TO  150 
DC  135  I=1»NSITE 
AN6  =  lANG 

ANG  =  ABS(SR(I»2)-ANG) 

IFtANG  .GT.  SR(I*3))  GO  TO  135 
NWEIG  =  2 

1F<RA  .GT.  (SR ( I.l )-SYSR  (I  )  )  )  NWEIG  =  1C 
GO  TO  150 
135  CONTINUE 

150  NFEN  =  NWEIG*LINKT0(LL*2)+NWEIG 
LINKT0(LL«3)  =  NPEN 

IFCLWPIT  .LE.  2)  GO  TO  175 

WRITE{6t52C)  N0DE»NJtLA»LB»IC«IFREE»RANGE»RAN6»RA 
WRITE  (6«92<()  lAK  « I  ANG«KANG«NWEIG«LPEN«NPEN  tXl  «  YJ 
175  IFCNPEN  .6E.  LPEN)  60  TO  200 
LPEN  =  NPEN 
N'EWPT  =  LINKTC(LL»1) 

200  CONTINUE 

IF(LWRIT  .GT.  2)  WRITE(6.S21)  NODE .JCCL « IROW » NEWPT» LPEN »  IC 

IF(\EWPT  .EG.  KLAST)  GO  TO  A75 

NCDE  =  NEWPT 

TC(IC«1)  =  NEWPT 

TC(IC*2)  =  LPEN 

IC  =  IC+1 

LTOTAL  =  LT0TAL*LPEN 

IF(IC  .GE.  1950)  CALL  RITE 

IFdFREE  .GE.  IROO)  CALL  RITE 

IF(N0CE  .LT.  0)  GO  TC  AOO 

GO  TO  2C 

***  FIND  NEIGHECRHOCD  ABOUT  A  HIGH  POINT  ** 

4C0  NCDE  =  -NEWPT 

IROW  =  HlCEN(NODEtl) 

JCOL  :  HICEN(N0DE«2) 
hICEN<NODE*1 )  =  -( lOOOOOO^IROW) 

HICEN  (N0CEt2  )  =  -dOOOOOO^JCOL) 

CALL  NEIGHE(NCCE) 

CALL  OIFFER(NCDE) 

6C  TO  30 
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‘»50  IFdFLAG  .EG.  -1)  GC  TO  475 
IFLAG  =-l 
IRAOUS  =  2*IPACLS 
GO  TO  15 

475  TO<IC*l)  =  NEUPT 
T0(IC»2)  =  LPEN 

***  CHECK  FOR  DATA  BLOCKS  >.RITTEK  TO  WORKING  STORAGE  ** 
IFfNBLKS  .GT.  1)  GO  TO  700 

***  REMOVE  LARGE  NEGATIVE  VALUE  FROM  ROUTE  NODES  ** 

460  DO  500  I=1»IC 
N'N  =  FROM(I) 

1F(NN  .LT.  0)  GO  TC  485 
LCWCEN  (NNtl )  =  -CLCWCEN'{\Ntl)+1  00  0000  ) 

LCWCEN<NN»2)  =  - < LC WCEN < NN » 2 ) ♦ 1 0 0 0 C 0 0  ) 

GO  TO  500 
465  NN  =  -NN 

HICENCNNfl)  r  - ( H I C E N ( N N » 1 )  ♦IQOOOCO) 

HlCEN(NNf2)  =  -  (H1CENMN\»2  )  ♦1  0000  00  ) 

SCO  CONTINUE 
C 

C  ***  WRITE  NODE  POINTS  OF  THE  ROUTE  ** 

C 

LL  =  0 

WRITEIStSlO) 

DO  650  I=1,IC 
LL  =  LL+1 
NODI  =  FROM(I) 

NCC2  =  TC  ( I  ♦  1 ) 

IFINODl  .LT.  0)  60  TO  SSO 
NCRTHl  =  GR IC*L0WCEN (NCDl *1 ) ♦SUNR 
EASTl  r  6RIC*L0WCEN(NCD1*2)>SWEA 
IF(N0D2  .LT.  0)  GO  TO  575 
525  N0RTH2  =  GR I C *LOWCEN (NOD2 ♦ 1  )  ♦$ WN R 
EAST2  =  GRI C*LOWCEN (NCD2 t2 )^SWE A 
GO  TO  600 
550  NODI  =  -NODI 

NORTHl  =  GRID^HICENINODlfD^SWNR 
EASTl  r  GRID*H1CEN(N0D1 *2)+SWEA 
IF(N0C2  .GT.  0)  60  TC  525 
•=75  N002  =  -NCD2 

N0RTH2  s  GRIC*HICEN<NC02»1)*SWNR 
EAST2  s  GRrC*HICEN(N0D2t2)^SUEA 
600  URITE(6»911)  FR OM  ( I  )  ,  E A  ST  1 ♦ NORT Hi , TC ( 1 1 1 ) , 

1  T0(I*2),EAST2*N0RTH2 

IF(LL  .LE.  2S)  GC  TO  650 
WRITE (6t910) 

LL  =  0 

650  CONTINUE 


WRITE(Si«512)  LTRS*SWEA*Slii/NR»LTOTAL 

CALL  URLINK 

ICK  =  IC-1 

LA  =0 

K  =  1 

CO  800  I=1*ICK 

IFIK  .GF.  IC)  GC  TO  850 

LA  =  LA+1 

NO  =  FPOMCK) 

NN  =  TC  (K  »1  ) 

NLIST(LA)  =  NJ 

IF(NJ  .LT.  C)  GO  TO  670 

OCOL  =  LCWCEN  (Nv;  t2) 

IROU  =  LCWCEN(NJtl) 

60  TO  675 

670  JCOL  =  HlCE^<•'^o»2) 

IROU  =  HICEN(-KJ«1) 

675  IF<NM  .LT.  C)  GO  TC  680 
IX  =  LCUCEA<NN«2> 

JY  =  LOWCE\(NNfl) 

60  TO  685 

680  IX  =  HICE^'C-^^*2) 

JY  =  HICEN(-NN«1) 

685  XI  =  IX-JCCL 
YJ  =  JY-IRCW 
CISA  =  SGRT{XI**2  ♦  YJ**2) 

K  = 

LL  =  K 
CO  800  J=LL»IC 
KJ  =  TC(J*1» 

IF(N'J  .LT.  0)  60  TO  690 
IX  =  LCUCE^<^J♦2) 

JY  =  LCWCEN(NJ»1) 

GO  TO  695 

690  IX  =  HICEI'(<-NJ»2) 

JY  =  HICE^<-^vJ»l  ) 

695  XI  =  IX-JCCL 
YJ  =  JY-IROW 
DISB  =  S0RT(XI**2  ♦  YJ**2> 

IFIDISe  .GT.  DISA)  60  TO  800 
K  =  0*1 

EISA  2  OISE 

eCO  CCNTI^UE 

I  s  ICK*1 

LA  =  LA*1 

NLISTILA)  =  FROMCI) 

850  CONTINUE 

NLIST(LA*1)  =  TO(IC»l) 
WRITE(6,915) 

DC  875  J=ltLA 

875  URITE(6«916)  NL I  ST < J ) » NL I  ST  I  o*  1 ) 

C 
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700 


710 


IFCNBLKS  .LT.  CLCB)  GO  TO  710 

RFTURN 

CALL  RITE 

OLOb  =  NBLKS-l 

REyiND  9 

READ(9)  NBLKS*IFREE tic 
READ(9)  (FROH(I)tI=ltIC) 

READ(9)  ((T0(ItJ)tw=lt2)tI=ltIC) 

READ(9)  (LINK(I)tI=l,IC) 

PEAD(9)  ((LINKT0(ItJ)tJ=lt3)tI=ltIFREE) 
GO  TO  980 


910  FORMAT( lHl//////30Xt*TABLE  NODE  LINKAGE  FOR  ROUTE*// 

1  19Xt*FRCr*t9Xt*EASTING*t2Xf*N0RTHlNG*t 

2  6X  t*T0*t9X t*PEN alt Y*t3Xt*E ASTI NG*t2Xt ‘NORTHING*/) 

911  F0Rl«AT(16XtI5t2Xt2<I9tlX)t2XtI5t2Xt3(I9tlX)) 

912  FCRMAT<  // 1 9 X t *  SO UTH WES T  CORNER  *tA2t2I9// 

1  110Xt*TOTAL  PENALTY*/!  lOX  t*RUNMNG  TO  T  A  L  *  / 1 1  0  X  1 1 12  ) 

915  FORMAT (lHl//////30Xt ‘TABLE  MODIFIED  ROUTE*// 

1  37Xt*FR0M*t5Xt*T0*/) 

918  FCRMAT(38XtI5t2XtI5> 

920  FORMAT (/feX t*NODE  NJ  LA  LE  IC  IFREE  RANGE*t 
1  8Xt*RANG  RA*/5Xt6(I9tlX)  t3(Fe.3tlX)) 

921  FORMAT(10Xt*NOCE  X-CRC  Y-CR D*/ 1 0 X t 3 ( 1 4 1 1 X ) / 1  OX t *NEWF T * t 

1  2Xt*LPEN  IC*/10XtI4tlXt  IlOtlXtlA) 

924  FCRMATC  8Xt*IAK  lANG  KANG  NWE13  LFEN*t 

1  7Xt*NPEN*t  5Xt*XI*tlOXt*YJ*/ 

1  5XtI5tlX,I5tlXtI5tlXtl5tlXtI10tlXfI10t2<FlC.4tlX)) 

END 
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SUBROUTINE  LhSORT (KF  IRST*KLAST  ) 

***  THIS  SUBROUTINE  SORTS  LOUCEN  AND  HICEN  ** 
***  IN  ASCENDING  ORDER  BY  ROWS  ** 


CCMKON/LCENT/  LOkCEN<250*3)*HICEN(250f3)»KCETtNLOW*NHI» 
1  SKAX*LURIT*LDEBG» JMAT* JSTRIP*LH 
COMMON /POINT/  INITIAL <3)»LAST< 3) tlPOINT 1250) 

INTEGER  HICEN 


NLOW  =  NLOW^l 
LOUCENCNLOWtl) 
L0UCEN(NL0W«2) 
LOUCEN(NLOW*3) 
NLOW  s  NLOW-*-! 
LOUCEN(NLOW«l ) 
LOWCEN(NLOWt<) 
LOUCEN(N'LOUi3> 


=  IMTIAL(l) 

=-INITI AL(2) *LAST<2) 
=  INITIAL(3> 

=  LAST(l) 

=  -LAST  C2) 

=  LAST(3) 


***  LOWCEN 


KK  s  NLOh-1 
DO  10  J=1»KK 
JJ  = 

DO  1C  I=JJ«NL0W 

IF(LOUCEN( J*1 )  .LE.  LOWCEN(Itl))  GO  TO  1C 

151  =  LOWCEN<J«l) 

152  s  LOWCEN(U«2) 

153  =  L0kCEN(v*3) 

LOWCENCJ#!)  =  LCWCEN(I«1) 

LOWCEN(Jt2)  =  LCUCEN(1«2) 

L0UCEN(Jt3>  =  LCUCEN(I«3} 

L0WCEN<I«1)  =  ISl 
L0WCEN(I«2)  =  IS2 
L0WCEN(I*3)  =  IS3 

10  CONTINUE 
C 

IS2  =  -INIT1AL(2>*LAST(2) 

DO  15  I::l«NLCU 

IF(L0UCEN(It2)  .6T.  0)  60  TO  15 
IF(LOWCEN(I  t2)  .EO.  IS2)  KFIRST  =  I 
IF(L0«CEN(I«2)  .EQ.  -LAST(2))  KLAST=1 
15  CONTINUE 

WRITE  (6t907>  IMTIAL(2)tLAST(2)«IS2«L0WCEN(KFIRST*2>« 

1  L0UCEN<KLAST*2)*KFIRSTtKLAST 
907  FORHAT(/  2X» *  INI T I AL *  * 2X » *L AST* « AX » « 1 S2 * , *LOWCEN-l * » 
1  2X»*L0UCEN-L*t2X»*KFIRST*,3X»*KLAST*/2X  f 7(  I6*2X  ) ) 
L0WCEN<KFIRSTt2)  s  IMTIAL(P) 

L0WCEN(KLASTt2)  =  LAST(2) 

URITE(6«906) 

kRITEf6«900) 

KL  =  0 
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20 


DO  20  I=1*NLCW»10 
KK  =  I-l+lO 

IF(KK  .GT.  NLCb)  KKrNLOU 
KL  =  KL*1 

WRITE<6»901)  (L0WCEN(J*2)fJ=IfKK) 
URITE(6«902)  (L0WCEN(0«1)«J=I«KK) 

URITE(6«90  3)  (L0UCENI(Jt3)«J=I«KK) 
1F(KL  .LE.  7)  GO  TO  20 
URI TE (Gt906> 
l,RITE(6»900  ) 

KL  =  0 
CONTINUE 

WRITE(6»90<»)  NLOW 


***  HICEN  ** 


C 


3C 


AO 


900 

901 


KK  =  NHI-1 
DO  30  J=1«KK 
JJ  =  J+1 
DO  30  l=dJ»NK-I 
IF(HICEN(J»1  )  .LE 

151  =  HICEN(0»1) 

152  =  HICENC».*2) 

153  =  HICEN(c«3) 


hICE\(I«l))  GO  TO  30 


HICEN(J«1 ) 
HICEN(dt2) 
HICEN(J*3} 
HICEN(  It  1  ) 
HICEN(It2) 
HICEN(  It3) 
CONTINUE 


HICEN  (I  tl ) 
HICEN(It2) 
HICEN ( I t3) 

151 

152 

153 


URITE(6t906) 

URITE(Gt905) 

KL  =  0 

DO  40  I=ltNHltlO 
KK  =  I-l>10 

IF(KK  .GT.  NHl)  KK=NHI 
KL  =  KL+1 

WRITE<6t901)  (HICEK(Jt2)tJ=ItKK) 
WRITE(GtS02)  (HICEN<Jtl)tJ=ItKK) 
WRITE(6t903)  ( H I CE N ( J t 3 ) t J= I t KK ) 
IF(KL  .LE.  7)  GO  TO  40 
bRITE(Gt90G) 

URITE(6t905) 

KL  =  0 
CONTINUE 

URITE(Gt904)  NHI 
URITE<6t90G) 


FORMAT(//////40Xt*TABLE  LOW  ELEVATION  NODE  POINTS*//) 

FORMAT(ieXt*X-COORClNATE  *tlCI7) 


902  F0RMAT(18X»*Y-C0CRDINATE  •tl0I7) 

903  FORMAT(lSX,*Z-COORCINATE  *»10I7/) 

904  FORMAT(//18X  ,*NUMeER  OF  NODES  *»I5) 

905  FORMAT(//////40X,*TABLE  HIGH  ELEVATION  NODE  POINTS*//) 

906  FORMAT (Ihl ) 

RETURN 

END 
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SLIEROUTINE  NEIGHE(NODE) 

C 

C  ***  IROW  IS  ROW  INDEX  (Y-CCORD)  EEING  EVALLATED 
C  ***  JCOL  IS  COLUMN  INDEX  (X-COORD)  ** 

C  ***  NODE  LOCATION  CURRENTLY  BEING  PRCCESSEC  ** 

C 

COMMON/LCENT/  LCWCEN{250«3)»HICEN(250»3)»KCET,NLOU»NHI 
1  SMAXtLWRITfLDEBGfJMATtJSTRIP.LH 
COMMON /POINT/  INITIAL(3)«LAST(3)»IPOINT(250) 
COMMCN/SENVEP/  LALT»HALT,SENALT»VEPALTfIFREE»GRID« 

1  SWEA fSWNRfLTRS 

COMMON /KINK/  LINK(250)«LINKT0(1500»3)»NeLKS*IC» 

1  IRADUStLNEERfKNEBR 
COMMON/EDGE/  DIST<100»2)f  IROW t JCOL »LSTR 
DIMENSION  MP0INT(125) 

INTEGER  HICEN 

EQUIVALENCE  (IPCINT(126),MFCINT<in 
C 

IRAD  =  IRADUS 
1C  LA  s  IROW-IRAD 
IF(LA  .LE.  0)  LA=1 
LB  =  IROU+IRAC 
C 


C  ***  IBEG  IS  THE  INDEX  VALUE  WHERE  LA  =  RCW  NUMBER  ** 
C  ***  lENC  IS  THE  INDEX  VALUE  WHERE  LB*1  =  ROW  «  ** 
C  ***  IPOINT  HAS  INDEX  VALUE  OF  LOWCEN  FOR  NEIGHBORHOOD  ** 
C  *•*  THIS  RESTRICTS  THE  SEARCH  TO  ONLY  ThCSE  RCWS  ** 
C  ***  THAT  ARE  NEAR  THE  "NODE"  ** 


C 

DC  100  I=1»NLCW 
NROW  =  LCWCEN(Ifl) 

IF(NROU  .LT.  LA)  GO  TO  100 
IBEG  r  I 
GO  TO  ICl 

100  CONTINUE 

101  DC  102  I=IBEG,NLOW 
NROW  =  LOUCEN(I«l) 

IFINROW  .LT.  LB)  60  TO  102 
lEND  =  I 
GO  TO  103 

102  CONTINUE 

***  FIND  THE  NEIGHBORHOOD  OF  LOW  ELEVATION  POINTS  ** 

103  LNEBR  =  0 
DO  lOA  I=IBEG«IEND 

1F<L0WCEN<I»1)  .LT.-IOOCOOC )  60  TO  lOA 
LDIFF  =  IABS(LOWCEN(I.l)-IROW) 

IFCLDIFF  .GT.  IRAD)  GO  TO  104 
LDIFF  =  IABS(L0WCEN<I«2)-JC0L) 

IF(LDIFF  ,GT.  IRAD)  GO  TO  104 
LNEBR  =  LNEBR^l 


Vs*, 
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IF(LNEBR  .EQ.  100)  GO  TO  400 
IPOINT (LNEBR  )  =  I 
1C4  CONTINUE 

IF(LNEER  .EG.  0)  GO  TO  300 
125  IFLAG  =  0 

DO  200  I=1»NI-I 
\ROU  =  t-ICEN(I*l> 

IF<NR0W  .LT.  LA)  GC  TO  200 
IBEG  =  I 
GO  TO  201 

200  CONTINUE 

201  DO  202  I=IBEG»NHI 
NROW  =  HICENdtl) 

IF(NROW  .LT.  LB)  GC  TO  202 
lEND  =  I 
GC  TO  203 
2C2  CONTINUE 

***  FIND  THE  NEIGHBCRHCOD  CF  HIGH  ELEVATION  POINTS  ** 

203  KNEBR  =  0 

DC  204  I  =  IElEG*IEND 

IF(HICEN(I»1)  . LT. -10  0  0000  )  GO  TC  2C4 
LDIFF  =  lABS  (HICEN<I*l)-IROW) 

IFtLOIFF  .GT.  IRAD)  60  TC  204 
LDIFF  =  lABS  (HICEN<  It2)-JC0L) 

IFtLOIFF  .GT.  IRAD)  GO  TO  204 
KNEBR  =  KNEER-»1 
IF<KNEBR  .GT.  100)  GC  TO  500 
MPO INT (KNEBR  )  =  I 
2C4  CONTINUE 

IF(LWRIT  .LE.  2)  RETURN 
WRITE(6«500)  NOCEtJCOLtIROU 
DC  275  MrltLNEBR 
N2  =  IPOINT(M) 

275  WRITE (6»901)  M*N2»L0WCEN<N2»2)»L0wC£N(N2,l)»L0wCEN(N2»3) 
WRITE<6»902) 

CO  285  M  =  ltKNEER 
N2  =  FPOINT(M) 

265  WRITE(6f901)  N1 1 N2 *M I CEN ( N2 « 2 ) « H ICE \ ( N2 « 1 ) « H  IC EN ( N2 « 3  ) 

900  FORMAT(/6X»*  PRIMARY  NODE  * » 14, I  5 » *  *  X -C CORD  *» 

1  I5»*fY-COORD*/10X,*LOU  POINTS*) 

901  F0RMAT(10Xt*NEIGHe  -  *»I3t*  NODE  *»I3**.*tI5* 

1  *»X-C0CRD  *«I5»*tY-C00RD*tI5»**2-C00RC*) 

902  FORMAT(10X»*HIGH  POINTS*) 

RETURN 

***  THIS  ENSURES  THAT  AT  LEAST  ONE  POINT  BLT  NOT  MORE  ** 

***  THAN  100  POINTS  ARE  FOUND  ** 


3C0  IRAD  =  2*IRAC 


AO-A091  793 

UNCLASSlFICn 


army  missile  command  REDSTONE  ARSENAL  AL  PLANS  ANAL— ETC  F/6  l5/3 
A  HEURISTIC  ROUTE  SELECTION  MODEL  FOR  LOM  LEVEL  AIRCRAFT  FLISHT— ETC (U) 
may  80  M  J  dorsett 
nR<;Mi/n-«o-s-TR 


CBTc.An—raKn  n(i( 


IFdRAD  .6T.  999999)  RETURN 
GC  TO  10 

400  IRAD  =  IRAO/2 

IFdRAD  .EQ.  C)  GO  TC  450 
GO  TO  1C 
450  LNEBR  =  100 
GO  TO  125 

500  IF<IFLAG  .EQ.  1)  GO  TO  GOO 
IRAD  =  IPAD/2 
IFLAG  =  1 
GO  TC  2C3 
600  KNEBR  =  100 
RETURN 
END 
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SUBROUTINE  DIFFERCNODE) 

C 

C  ***  THIS  SUBROUTINE  FINDS  RANGE  OF  HEIGHT  AND  DISTANCE  ** 

C  ***  DIST(I,1)  =  THE  PLANAR  DIST  TO  PCINT  FOR  LOUCEN  ** 

C  •**  CIST(It2)  =  THE  PLANAR  DIST  TO  PCINT  FOR  HCEN  ** 

C  ***  DPIN  =  PIN  DIST  BETWEEN  NODE  AND  ADJACENT  POINTS  ** 

C  ***  CPAX  =  MAX  DIST  BETWEEN  NODE  AND  ADJACENT  POINTS  ** 

C  ***  KZMIN  =  MIN  ELEVATION  BETWEEN  NODE  AND  ADJ  PTS  ** 

C  ***  K2MAX  =  MAX  ELEVATION  BETWEEN  NODE  AND  ACJ  PTS  ** 

C 

COMMON/LCENT/  LOWCEN ( 250 «3 ) tH ICEN ( 25 0 * 3 ) «KCE T t NLOW «NH I  * 
1  SMAX,LWRIT,LDEeG»JMATtJSTRIP»LH 
COMMON/POINT/  INITIAL (3 )»LAST{3)tIP0INT (250) 
COMMON/SENVEH/  LALT ^HALT fSENALT * VEH ALT  * IFREE * GRI Dt 
1  SWEA«SWNR«LTRS 

CCMMON/K INK/  LINK (25  0)  «LINKT0( 1500*3) «NBLKStIC« 

1  IRADLSvLNEBRvKNEBR 

CCMMON/DET/  CETLO(250)*DETHI(250)*FRCM(250)*TO(250t2) 
CCMMON/EDGE/  D I  ST ( 1 0 0  *  2 ) *  IRCW » JC CL  * LSTR 
DIMENSION  MP0INT(125) 

INTEGER  HlCEN 

EQUIVALENCE  (IFCINT(126)*MF0INT(1)) 

DATA  RTCC*LSTR/57, 2957795131*1/ 

INITIALIZE  VARIABLES  ** 

DO  10  1=1*100 
CIST(I*1)  =  0.0 
10  DIST(I*2)  =  0.0 
DMIN  =  1000000 
DMAX  =-1000000 
KZMIN  =  1000000 
KZMAX  =-1000000 

***  PROCESS  LCWCEN 

DC  130  I=1*LNEER 
J  =  IPOINT(I) 

YJ  =  LOWCEN(J*l)-IROW 
XI  =  LCwCEN(J*2)-JCOL 
KZI  =  L0WCEN(v'*3) 

IF(KZI  .GE.  KZMIN)  GC  TO  15 
KZMIN  =  KZI 

15  IF(KZI  .LE.  KZMAX)  GC  TO  20 
KZMAX  =  KZI 
20  CONTINUE 

DIST(I*1)  =  SQRT(XI**2^YJ**2) 

IF(DIST(I«1)  .GE.  DMIN)  GO  TO  120 
OMIN  =  OIST(I«l) 

120  IF(DIST(I*1)  .LE.  DMAX)  GO  TO  130 
DMAX  =  OIST(I*l) 

130  CONTINUE 
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*•*  PROCESS  HICEK  ** 

CO  150  I=1»KNEBR 
0  s  KPOINUI) 

Yo  s  HICEN( J»1 )-IROy 
XI  =  HICEN( Jt2 )“JCDL 
KZI  =  HICEN(J«3) 


1F(K2I 

.GE. 

KZMIN) 

GO 

TO 

35 

KZHIN 

=  KZI 

GO  TO 

45 

35  1F(KZ1 

.LE. 

KZf»AX  ) 

GO 

TO 

45 

KZMAX 

=  KZI 

45  CONTINUE 

0IST(I»2)  =  SQRT(XI**2<»YJ**2) 
IF<CIST(It2)  .6E,  DWIN)  GO  TO  140 
DNIN  s  DIST(I»?) 

GC  TO  150 

140  1F(DIST(I,2)  .LE.  OKAX)  GO  TO  15C 
DNAX  s  DIST(I»2) 

150  CONTINUE 

IFCLtaRIT  .LE.  2)  GC  TO 
yR ITE( 6*900)  KODE»vCOL* IROy*LNE5R 
CO  5C  LA=1*LNEBR*10 
LB  =  LA-1*1Q 

IF(LS  .GT.  LNEBR)  LE=LNEER 
50  yRITE(6*9Cl)  ( C I S T ( I « 1 ) « I =L A  * LE ) 
yRITE(6»900)  N00E*JC0L*IR0y*KNE5R 
DO  60  LA=1,KNEBR«10 
LE  =  LA-l^lO 

IFiLE  .G'^.  KNEBR)  LEsKNEBR 
60  yRITE(6*502>  C DI ST ( 1  *  2  )  *  I =L A , LE > 

***  SCRT  IN  INCREASING  ORDER  ** 

75  IFCLNEBR  .EG.  1)  GC  TO  85 
KK  s  LNEBR-1 
CO  250  J=1«KK 
\JU  •  w ^  1 

00  250  I=JJ*LNEeP 

IF(DIST(J*1)  .LE.  CIST<I*1))  GC  TC  250 
SAl  =  OIST(J*l) 

USA  =  IPCINT(w) 

CIST (J»l  )  s  CIST(I*1  ) 

IPOINTCJ)  =  IPOINT(I) 

DISTdtl)  =  SAl 
IPOINT(I)  =  USA 
250  CONTINUE 

85  IF(KNESR  .EQ.  1)  GC  TO  3C0 
KK  r  KNEBR-I 
DC  275  U=1«KK 
vU  5  u ♦ 1 
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00  275  I=JJ*KNEBR 

IF(0IST(w't2)  .LE.  0IST(I«2))  60  TO  275 
SAl  :  0IST(Jt2) 

JSA  =  MPOINT(O) 

DIST(w«2)  =  0IST(I*2) 

MPOIMCJ)  =  MPOINT(I) 

DIST(I*2)  =  SAl 
MPOINT(I)  =  JSA 
275  CONTINUE 

IFILURIT  .LE.  2)  60  TO  300 
WRITE  (6*903)  OMINtOMAXtKZMINtKZV'AX 
URITE(6«900)  NOOEtJCOLtlROUtLNEBR 
00  90  LA=1*LNEBR«10 
LB  =  la-1410 

IF(LB  .GT.  LNEER)  Le=LNE6R 
90  WRITE(6t901>  (0  I  ST ( I « 1 > t I^L A tLB ) 

WRITE (6*900)  NCOE«JCCLtIROU«KNEER 
CO  95  LA=1 fKAEBRtlO 
LB  =  la-1410 

IF(LB  .6T*  KNEBR)  LBrKNEBR 
95  bRITE(6*902)  ( C IS T ( I *2 ) « I=L A tLB  ) 

***  CALCULATE  PENALTY  VALUE  FOR  POINTS  ** 

3C0  ORANG  =  OMAX-OPIN 

IF(ORANG  .GT.  0.0)  DRANGsl .O/ORANG 

ZRANG  =  KZHAX-KZPIN41 

IF(ZRANG  .GT.  0.0)  ZRANGsl  .O/ZRANG 

DC  320  I=1«LNEBR 

IFREE  s  IFREE^l 

IJ  =  IPOINT(I) 

LINKTOdFREE*! )  :  IJ 
XYZ  =  L0WCEN(IJ*3)-KZMIN 
XYZ  =  OETLCd  J)4XYZ*ZRANG 

320  LINKT0(IFREE*2)  =  1 0 0 . 0* ( X YZ 4l- ( D I  ST ( I  *  1 ) -CP  IN) *0R ANG ) 

CO  325  Isl«KNEBR 
IFREE  s  IFREE41 
IJ  =  PPCINTd) 

LINKTOdFREE*!)  =  -IJ 
XYZ  :  HICEN(IJ«3)-KZPIN 
XYZ  s  OETHK  IJ)4XYZ*ZRANG 

325  LINKT0(IFREE*2)  =  100.0  * ( X YZ4l- ( C I  ST ( I *2 ) -OMIN ) *CRAN6  ) 
LINKdC)  s  LSTR 
LSTR  =  IFREE41 

900  FCRPAT(/  5X**FR0P  DIFFER*  /  5X«*\0DE  *  * H *  1 5* *  * X-COCRD  ** 
1  I5«**Y-C00RC  *«I5«*  LINKS*) 

901  FORnAT(  5X«*C1STANCE  LOU  * « 10 ( 1 X «F 10 . 3  )  ) 

9C2  FCRPAT(  5X**CISTANCE  HIGH  * « 1 0 ( 1 X* F 1 0 • 3 ) /) 

903  FCRMAT(llXt*CPIK*t8X**DHAX  KZPIN  KZPAX*/ 

1  5X«2(F10.4*2X>*Mf2X«I4) 

RETURN 

END 
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SUBRCUTINE  RITE 
C 

C  ***  THIS  SUBROUTINE  SAVES  ARRAYS  IN  WORKING  STORAGE  ** 

C 

CCMMON/SENVEH/  LALT«HALT*SENALT,VEHALTtlFREE*GRICt 
1  SUEAtSUNRtLTPS 

CCMNON/KINK/  L I NK ( 25 0 > «L I NKTO ( 1 50 0 t 3 > t NBLKS « I C t 
1  IRAOUS«LNEBR«KNEeR 

CCMNON/CET/  C E TLO < 25 0  ) » CETH I < 25 0 ) t FROM ( 25 0  )  ,T0 ( 25 0  * 2  ) 
CCNNON/ECGE/  DIST(10Ct2)«IRCW«JCCLtLSTR 
INTEGER  FROM.TC 

C  BINARY  UNFORFATTEC  TAPE  ** 

WRITE(9)  NBLKSfIFREEtIC 
yRITE(9)  (FRON(I)tI=ltIC) 

WRITE (9)  ( (TC(I «0) tJ=l«2)f IsltlC) 

WRITE(9)  (LINK(I)«I=ltIC) 

WRITE(9>  ((LlNKTC<ItJ)*J=l*3)*IsltIFREE) 

IFREE  =  IC  =  LSTR  =  1 
NBLKS  =  NBLKS^l 
RETURN 
END 


» 


i 

I 


n  o  o 
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SUBROUTINE  yRLINK 

***  This  sue*  WRITES  THE  LINKAGE  THAT'S  EEEN  DEVELOPED  •* 

COMMON/LCENT/  LOUDEN (25 0 *3 ) t hi CEN ( 250 t 3 ) « KCET • NLOU • NH I • 

1  SMAX.LURITtLDEBGfJHAT.OSTRlP.LH 
COMMON /POINT/  INITIAL(3)tLAST(3)*lPOINT(250) 

COMMON /SEN VEh/  L AL T »h AL T tSENALT * VEh ALT , I  FREE »6R I D » 

1  SUEAtSUNRtLTRS 

COMMCN/KINK/  LINK(250)tLINKTO(1500«3)tN5LKS«IC( 

1  IRADUStLNEBRtKNEBR 

COMMCN/DET/  DETLCC25O)*DEThI<25O)tFROM(25C)fTO(250*2) 
INTEGER  H1CEN«FR0M*T0 
URITE(6t500) 

500  FCRMATClhl  /10X**NOOE  LINKAGE  CUTFUT*J 
URITE(6«501)  IFREE*NBLKS«NLOb«IRAOUS 

501  FCRMAT(10X,*IFREE  NELKS  NLOW  IRADUS*/ 

1  lOXfAdGtlX)  ) 

NM  s  IFREE-»1 
CC  15  NAsltNF.lO 
NB  s  NA-1^10 

15  URITE(6«5C2)  ( L I NKTO ( I « 1 ) « I?N A« NB ) « ( L I NKT C ( I «2 ) «  I  =  NA «NB  )  « 
1  (LINKTOd  t3>  t  IsNAtNB) 

902  FORMATdCX,*LlNKTOd«l)  •tlO(2X«I6)/ 

1  10X**LINKTCd  *2)  *.10<2X*Ib)/ 

7  lCXt*LINKTCd  #3)  *  « 1  0  ( 2  Xt  IS  )  /  ) 

URITE(6»5C3> 

903  FORMATdhl) 

WRITE(6«90<») 

CO  10  J=1«IC«10 
JJ  =  J-1+10 
IF(JJ  .GT,  IC)  Jv=IC 
10  WRITE(S«905)  (L I NK (I ) • I = w « J J ) 

904  FORMAT</10Xt*LINKAGE  POINTERS*/) 

905  format  (lSX«10dS«2X) ) 

KC  =  C 

OC  20  NU=1«IC 

IF(KC  .EG.  0)  WRITE(St906) 

KC  =  KC*1 
NN  s  FROM(NJ) 

J  =  LINK(NO) 

JJ  :  LINK(NJ*1)-1 
IF(JJ  .LT.  0)  JJsIFREE 

JJJs  JJ*J*1 
URITE(6«907)  NK«JJJ 

IF(NN  .GT.  0)  WRITE(6«90e)  L CUCEN ( NN « 2 ) t 
1  LOUCEN(NNtl)«LObCEN(NN«3) 

IF(NN  .LT.  0)  bRITE(Gt908)  HICEN( -NN *2  )  • 

1  HICEN(-NN«1  )«hICEN(-NN«3) 

WPITE(G«909)  (LINKTOdf  1)«1  =  J*JJ) 

URITE(6«910)  (LINKT0d«2)«I  =  JtJJ> 

URITE(6«911>  (LINKT0d«3)t  IsJ«  JJ) 
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IF(KC  .LE.  5)  GC  TO  20 
KC  =  0 
20  CONTINUE 

906  FORMAT!  1(-1///////34X,*N0DE  LINKAGE*) 

907  FORMAT</20X,*NODE  N0.*tI5»*  TOTAL  LINKS  *tI4) 

908  F0RMAT(2nx»*X»Yt2  COORDINATE  *»I4,lh»  tlXfI4#lH«  *1X,I4) 

909  FORKAT(20X.*LINKEO  TO  *»10I7) 

910  FORMAT(20Xt*EXPOSURE  **1017) 

911  FORMAT<20Xt*WEIGHTED  *,1017) 

RETURN 

END 


I 
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SUBROUTINE  SAVE 

***  THIS  ROUTINE  IS  USED  TO  WRITE  VALUES  OUT  FOR  PLOTTING  ** 

COMMON/LCENT/  LOUCEN ( 25 0 «3 ) • HI CEN (2S 0 « 3  )  tKCE T tNLOW f NH 1 1 
1  SHAX«LURIT«L0EB6«JH.AT«JSTRIP«LH 
COMNON/SENVEH/  LAL T *  HALT ,SENALT* VEHA LT ♦ I  FREE tGR I D* 

1  SUEAtSWNRtLTRS 

COHHCN/KINK/  LINK(250)«LINKTO(1560«3)tNBLKS«ICt 
1  IRADUS«LNE3R«KNEBR 

COKHCN/CET/  CETLO ( 25 0 ) « OET H I ( 250 ) «FRCK ( 25 0 ) « TO ( 250 «2 ) 
INTEGER  l-ICEN«FROM*TO 

HRITE(7t900)  NLO W « NH 1 1 1 C«  IFREE 

WRITE  (7t901)  ((L0UCEN(I«J)fJsl,3>«l£l«NLCk) 

WRITE (7.901)  ( (HICEN( I.J) «J:1.3)«I=1«NHI) 

URITE(7«902)  (OETLC ( I )  •  I  =  1  .NLOW ) 

WR1TE(7.902)  (OETHI (I) .1  =  1  .NHI > 

WRITE(7.901)  (FROM<I).I=l,IC) 

WRITE(7t901)  ( (TO( I.J)  •J=1.2)«I:1«IC) 
bRITE(7«901)  (LIKK(I).l£l«IC) 

WRITE (7,901)  ((LINKTC(I.J).Jsl,3),I=l.IFPEE) 

900  F0RMAT(9I1C) 

901  FORHAT(10(I9,1X)> 

902  FORMAT(10F10.3) 

RETURN 

END 
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StFRCLTINE  RACIAL 

***  THIS  ROUTINE  CALCULATES  THE  LINE  OF  SIGHT  (LOS)  ** 

***  BETWEEN  NODE  FCINT  AND  SENSORS.  LOS  IS  THE  ** 

***  INTERVISIBILITY  BETWEEN  PTS.  ONCE  ANY  TERRAIN  ** 

***  PARKING  POINT  IS  FCL'ND  PROCESSING  CF  THAT  NCCE-  ** 

***  SENSOR  COMBINATION  IS  FINISHED.  L** 

COMMON/I  CAT/  KMAT.lSTRIP.IDATAdStlF^lO) 

CCPMON/LCEN'T/  LCWCEN  (2E  0  « 3  )  » H I  CEN  (2*=  C  .3  )  .KCET  «NLOW  .NH  I  . 

1  smax,lwrit,ldeeg«jpat«jstrip.lh 

COMMON/PCINT/  INITIAL(3).LAST(3).IPCINT{25C) 

COMMCN/SENVEH/  LALT.r-ALT.SENALTiVEHALT.IFREE.GRICt 
1  SWEA.SWNR.LTRS 

COPMCN/SRAC/  fiANGE»RE»MDIM.RATE»NSITE«ISITE<10*3).SYSR(lC) 
COMMCN/CET/  CETLC<2BO)«DETHI(2EC)»niSLC(2fO)» 

1  DISHI(250)»XX(25C) 

DIMENSION  IFINISH(25C) 

INTEGER  SENALT.VEhALT.HICEN.EAST.WEST.SOLTH.GRIC 
LCGICAL  ZCLRVE.ZNORTh.ZSCUTH 
EGUIVALEfCE  (RMAX.CIS) 

DATA  RE.SRT  W'H, RATE /P49C20  0. 0  »0.7C  71  Cb  8.1.0/ 

DATA  SENALT.VEHALT.VDI'^/S.IC.IS/ 

***  INITIALIZE  ** 

REWIND  f- 

ZCURVE=  RE.3T.C.0 
ZGRIC  =  GRID 
RE  =  fiE/ZGRIC 

cz  =  o.c 

***  AREA  LIMITS  ** 

NORTH  =  kmAT*mcIM 

south  s  1 

CC  2R00  LK=1.ISTRIP 

JSTRIP  =  JK 

EAST  r  jSTRIF.MCIM 

WEST  s  (vSTRIP-l)*MDIM4i 

CALL  INDATA 

LH  =  1 

ILCOF  =  NLCW 
CO  2R0C  KLNsl.2 

CO  2000  KK=1»NSITE 
KSIT  s  ISITE(KK»2) 

YSIT  =  ISITE(KK.l) 

ZSIT  s  ISITE <KK*?)*SENALT 

CO  2C0C  LPsl.lLOOP 
***  TEST  IFIMSH  FOR  COMPLETION  ** 
lEXP  s  (LH-1  )*10^KK-1 


ooooo  o  o  ooo 


c 


C 

C  *  *  * 


*  *  * 


zco 


400 


*  «  « 


**  « 


c 

41C 
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IFIN  s  A\D(IFIMSH<LP)t2**<IEXP)) 

IFdFIN  .NE.  0)  GO  TO  2000 
1F<LH  .EG.  ?)  GO  TC  AOO 

KSl  =  LCUCEN(LP«2) 

IF  (((KSl. GT. EAST)  .AND.  ( KS  IT . GT . E AST ) ) 

.OR. (  (KSl .LT.UEST  )  .AND.  ( KS I T .L T .WEST  ) ) )  GO  TC  2000 

CETERPI^E  WESTERN'  POST  POINT  OF  FAIR  ** 

IF ( (KSIT-KSl )  .GE.  0)  GO  TO  300 

SWAP  SENSOR  ARC  NODE  ** 

XP  =  KSl 

YP  =  LOWCEN(LPtl) 

ZP  =  LOwCEN(LP*3)4VEHALT 

KSl  =  KSIT 

XSl  =  KSIT 

YSl  =  YSIT 

ZSl  =  ZSIT 

GC  TO  525 

XSl  =  KSl 

YSl  s  LOWCEN(LP*l) 

ZSl  =  L0WCEN(LF»3)>VEHALT 
XP  =  KSIT 
YF  =  YSIT 
ZP  =  ZSIT 
GC  TO  525 

KSl  s  H1CEN(LP»2) 

IF  (((KSl. GT. EAST)  .AND.  (K SI T  .GT  .E A S T >  ) 

.OR. ((KSl. LT. WEST)  .ANC.  (K S  I T .LT  .  UE S T  ) )  )  GO  TO  2000 

DETERMINE  WESTERN  MOST  PCINT  OF  PAIR  ** 

IF( (KSIT-KSl )  .GE.  0)  60  TC  410 

SWAP  SENSOR  AND  NODE  *• 

XP  s  KSl 

YP  =  HICEN(LPtl) 

ZP  =  HICEN(LP»3)^VEt“ALT 

KSl  =  KSIT 

XSl  s  KSIT 

YSl  s  YSIT 

ZSl  s  ZSIT 

GO  TO  525 

XSl  =  KSl 

YSl  :  HICEN(LPtl) 

ZSl  s  HICEN(LPt3)*VEHALT 
XP  s  KSIT 


oooo  ooo  ooo  noon 


*  •  * 
*** 

525 


*  *  * 

10 

5£C 

570 

•  *  ♦ 


102C 


*  •  * 
*  *  * 

1075 


1090 
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YP  =  YSIT 
ZP  =  ZSIT 

CALCULATE  TANGENT  AND  DISTANCE  EETUEEN  SENSOR/NODE  ** 
THE  azimuth  angle  IS  MEASURED  FRCM  NCRTH  CLCCKUISE  ** 

XSO  =  XP-XSl 
YSP  =  YP-YSl 
ZSP  =  ZP-ZSl 

CIS  =  SGPT(XSF**2  ♦  YSP**2) 

IF(ZCURVE)  DZ=0.5*CIS*<DIS/RE) 

TM  =  (ZSP-CZ)/<C IS*ZGRID) 

XSIM  =  XSP/OIS 
YCOS  =  YSP/DIS 
ZNORTH  =  .FALSE. 

ZSOUTH  =  .FALSE. 

DETERMINE  STARTING  INDICES  AND  MAP  SHEET  ECUNOAPIES  ** 

IF(KS1  .LT.  WEST)  GC  TO  5£0 
NX  =  XSI-WEST 
YWEST  =  C.O 
GC  TO  57C 
NX  =0 

YWEST  =  YCCS*((WEST-XS1)/XSIN) 

IF  (ABS<XSIN).LE.SRT.H)  GO  TO  1150 

EAST  ** 


IX  =  NX 

X  =  IX4.UEST 
ICX  =  1 

IX  =  IX-..ICX 

X  =  X+RATE 

IF(IX  .6T.  vEIM)  GC  TO  2000 

R  =  (X-XS1)/XSIN 

JY  =  R*YCCS-»YS1 

NAR  =  <JY-1)/MCIM 

UY  =  JY-NAR*MCIM 

NAR  =  NAR*1 

TANGENT  FOR  ALL  COMPASS  DIRECTION  ** 

IF  NAR  OUTSIDE  MAP  SHEET  -  LOS  EXIST  «• 

1F<(NAR  .LT.  SOUTH)  .OR.  (NAR  .GT.  NCRTH))  GO  TO  18CC 
Z  =  ICATA (UYtlX *NAR  ) 

IFCZCURVE)  DZs0.5*R*(R/RE  ) 

T  =  <Z-ZS1-DZ)/(R*2GRI0) 

IF(T  .LE.  T'*)  GO  TO  1090 
60  TO  1900 

IF(R  .GE.  RMAX)  GC  TO  IfiOO 
IF(ZNCRTH)  GC  TO  1130 


ooo  ooo  ooo  ooo 


IF(2SCUTH)  GC  TO  1135 
GC  TO  1C20 

***  NORTH  *** 


1130 

Y  = 

Y4.DY 

JY  = 

JY+JDY 

IF(  JY 

•LE,  MCIF) 

GO 

TO  1140 

JY  = 

1 

NAR  = 

NAR41 

60  TC 

1140 

*  *  • 

SOUTH  *** 

1135 

Y  = 

Y  +  DY 

JY  = 

JY+JCY 

IF  ( JY 

•GF.  1)  GO 

TC 

1140 

JY  = 

MDIM 

NAR  = 

NAR-1 

1140 

R  = 

(Y-YSl)/YCOS 

IX  = 

R4XSIN4XS1 

IF(IX 

.GT.  MCIf') 

IX  = 

IX-iiEST4l 

IF(  IX 

.GT.  MCI4) 

GO 

TO  2C00 

GC  TO 

1C  75 

1150 

IFCYCOS  .GT.  O.C) 

GO 

-• 

o 

>-• 

o 

***  SCLTH  *** 

2S0UTH  =  .TRIE. 

JY  =  YEl+YWEST-RATE 
NAR  =  <JY-1)/HCTW 
JY  =  JY-NARoyCIf' 

NAR  r  NAR^l 

Y  =  YS1*YWEST-RATE 
DY  =-RATE 

JCY  =-l 
GC  TO  llAO 

***  NORTH  *** 

1160  ZNORTH  =  .TRLE. 

JY  =  YSl^YWEST 
NAR  =  JY/MDIM 
JY  s  JY*1-NAR*>'C1K 
NAR  s  NAR41 

Y  s  YSl^Yh'EST^RATE 
DY  s  RATE 

JCY  s  1 
GO  TO  1140 

1600  IF(LH  .EC.  2)  GO  TC  1650 
DETLOCLP)  =  CETLO(LP)^l  .0 
CISLOCLP)  =  CISL0(LP)4DIS 
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